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SUMMARY

This document summarizes Maine sea urchin fishery informationctadleby the Maine
Department of Marine Resources (DMR) ftve periodJuly 1987through June 2. Data
series include licenses, landings, commercial samples and dockside interviews, harvester

logbooks, an annual spring dive survey, and a biannual ttave\s

INTRODUCTION

The green sea urchiStrongylocentrtus droebachiensi@Miller), has been harvestadbng the

Maine coasfor human consumption since prehistoric tif@piess and Lewis, 200land has,

in recent year s, b e tuableaeommeraal nafine fesouradRidisthemo st v
only sea urchin species harvested commercially in the Gulf of Maines Ar oeo i s a de
Japan, Europe, and ethnic markets in the | &8, more recently, otheigh-enddomestic

markets(Pols, 2014)

See Chenoweth (1994) andBaibra | t re (2005) for overviews of
and biology, Wilen and Wessels (1997) for further market analyses, Mottet (187A6n

(1974),and Scheibling and Hatchg013) for biological reviews, Amar (1994) for a discussion

of the Maine sea urchin fisheryds history, po
(2001) for its socieeconomicsSteneck (203) for ecologicakole, Taylor (2004) for a review of
industryfunded Maine research, Andresval. (2002) for a review of the status, assessment, and
management of the worl detal(2edafora rewelw ofvioldgicat her i e
reference points used in the management of sea urchin fisheries in North Aaredidahnson

et al (2012 2013 for reviews of social and biophysical conditions and their irogtions for

management in Maine

LIFE HISTORY AND HABITAT

The life history of the green sea urchias reviewedy Scheibling and Hatch€2013. Sea

urchins are echinodermsglbnging to a group of radially symmetrical, invertebrate animals
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including starfish, sand dollars and sea cucumbers. They are found in depths from 0 to 300

meters (m) but are most abundant in the shallow, subtidal zone on rock, gragékll bottoms

The edible part of the sea ur-stdringrand repreductiver e d

organ(male or female) The roedevelopsthroughout the summer, fall, and wintand its size

and commerciatjuality depend largely on the season and e u r c IBearutsns, evhich t .

have separate sexes, spawn approximately once a predably triggered by phytoplankton
blooms(Sewardet al 200Q Scheibling and Hatcher, 201 3isually in late winter or springrhe
timing varies by about eight weektong the Maine coag earlier in the southwest and later in

central and northeasegions(Vadas and Beal, 1999)Fertilization is externaland hrval sea

urchins may drift for 4 to 21 weeks before metamorphosing and settling to the bottom

(Scheiblingand Hatcher, 2IB). In the Gulf of Maine, sa urchins grow to commercial size in
about3 to 14 years (Vadas and Beal, 1999), depending on food availalaifity,are londived
(more than 30 years), and relatively sigmowing (RusselR000) They reach exual maturity at
a size of about 45 mm test diameter (about 1% inches), belowuttemtlegal minimum size of
2116 inches (52.4 mm) (Vadas and Beal, 1999).

Sources of natural mortality include diseasterm damagepredation on juveniles and adukig
fish, birds, crabs, lobsters, andther invertebratesand predation on larval urchins by other

planktonic animals.

Although they are omnivorous,ea urchinsprefer tof e e d (Agrazeo) on
macroalgae, and play an important ecological roledetermining algal distribution and
abundance. Their grazing <can reduce kelp
encrusting coralline algaeWhen urchins are removefleshy algaemay return This algal
habitat, in turnmay createa hospital® environment for small crabs and other predators which
feed on nely settlingurching making itdifficult for urchins tobecome reestablisheshce they
have been removebteneck 2013Stenecket al 2004 2013 These alternate states (urchin
dominatedor algatdominated) can be locally stable at decadal time scales or |(regewed

by Chapman and Johnson, 1990; Vadas and Elner, 88@2eck 2013Scheibing and Hatcher
2013; FilbeeDexter and Scheibling, 2014 The threshold sea urchin density biomass
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requi r ed t odonmihatedstptéback to urchih doeihated is higher thidwatrequired
to maintain the urchidominated state (reviewed by FilbBexter and Scheibling, 2014).

In addition to native fleshy algamvasive bryozoans, tucates, and alga®ave impated urchin
habitat especially in southern Maine (Harris & Tyrrell, 2001).

THE FISHERY

Sea urchindndingsn Mainehave been recordesince 183, bound forethnic markets in Boston
and New York(Scattergood 1961) The fishery expanded rapidly in 1987 when a market
developed in JapanThis reportcomprises the period from July 198i#ough June 2.

The fishery occurs primarily in shallow waters, on hard substrate (and some mud bottbens in
Lubec area, Figurea), duringthe winter, with landingsurrentlyoccurring between September
and March. Urchinkave beerarvested by divers using SCUBA snorkelsand by draggers,
plusafewir aker so who st and duringlowtide Inghe 203illdseason,a n d
60% of the landingswere made by diversaand rakers andthe remainingd0% by draggers

according to dealer reports

Drag vessels are typically small, averaging abautt311.2 m) in length, and are limited by
regulation to a drag of no more than 5.5 ft (A)7n width. See Creaser and Weeks (1998) for a
description ofseaurchin drags used in MainedDraggers typically fish in depths of aboudi 30

ft (619 m) (from 2011 12 port interviewsdescribed beloyv Divers generally fish alone or in
groups of 2 or Per boat. They uséry suits,SCUBA geay standard or homemade catch bhags
and small handheld gardstyle rakes. Their average depth range about 0i 20 ft (3i 6 m)
(from 2013i 14 port interviews). Their vessels are typically lobster bqatseragingabout 28 ft

(9 m) in length. Divers are often assisted by tenders, who use a smaller bo@tdgdahe divers

to the nearshore urchin bedblen pick up their catches and return them to the mother vessel,
where the catches are sorted and -0sad undessized urchins are culleahd tossed overboard
There were aboutlb active divers3 rakers,and86 active draggers in Maine during the 301

14 seasonaccording to dealer reports
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Because green sea urchins are most commonly found in the shallow szdmielaih less than 50
m (Jensen 1974), and, in genethle best qualitysea urchinroe is found in the shallowest

depths, all fishing trips are single day trips.

Unlike almost any other commercial marine fishery in Maine, the price paid to sea urchin
havestersf or t h e depenpdinst just art teehvolume, but alson t he dAqual ity
catch, usuallevaluaed bya b uy er 6 s the cadop textutetaste nandm festimate of the

weight of the roe expressed as a percentage of tbtaly weight The best roe is most often

foundin urchins harvestedlong afeed lineor grazing frontgenerally &the margins of kelp

beds (Chenoweth 1994; Johnsaral 2013).

FISHERY MANAGEMENT

Management of Mai ne 6s s eraspoasibiith of the Maing IBatey i s
Legislature and the Maine Department of Marine Resoyf2ktR), with advice from the Maine
Sea Urchin Zone Council, an industry council with representatives from the harvesting,

buying/processing, aquaculture, and redeammmunities that was established in 1996.

No urchin fisherymanagement actions were taken until 1992, wheevdy createcommercial
urchin fishing license for individuals was first require®ince 1994 there have been new
management initiatives dugralmost every session of the stagislature (Table 1)In 1995 the
stateds coast was divided into twa. Ewrent usi ve
management measures include:
1 No newfishinglicenses issued since 2004
1 Two exclusive harvestg zoneg(Figure ) & harvestersnust choose and fish in only
one and cannot switch out of a zone undssther licenseswitchesnto it.
1 Open season &8 opportunity days per year for Zoneh@arvesterand b days per year
for Zone 1 for the 201814 season See Table 2 for past seasarsl Table 3 for the
20131 14 season calendarsTo staggerthe availablity of the product over abousix

months, the two zones have different open seasons; diver and dragger seasons may be
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different, and harvesters maelect either an early or a late seatamtheir Zone and
gear type The open seasons for thmext winter are set byDMR regulatiors each
summey after consultation with the Maine Sea Urchin Zone Council, an industry
advisory council

Minimum legal sie limit of 216 inches (52.4 mmyith a 5%(by number)olerance.
Maximum legal size limit of 3 inches (#6m) with a 5%(by number)}olerance.

Culling (discardingover and undetsized at sea required, culling on bottqe no more
than20% over or urdersized)required for divers. Zone 2 divers must use largssh
catch bags; Zone 2 drags must have a fargsh escape panel.

Mandatory logbook reporting for both dealers and harvesters.

Daily landingslimits (7 trays, about 4D Ibs or 291 kg) were impémented for Zone 2
harvesters for the 20134 season; daily limits (12 trays, aboubQ@bs or 475 kg were
implemented for Zone 1 for 200L45.

DATA SOURCES AND FINDINGS

Fishery DependentData d Commercial Licenses

All Maine commercial marine harvessamust be licensedState icenses specific to sea urchin
diving and dragging were introduced in 198hders in 19945ea urchin buyers and processors
in 1994 and sea urchin rakers in 199Before 1992, commercial urchin harvesters bought a
general tpe of commercial marine fishing licenskicenses are issued for one calendar year
and may be renewed annuallyherehas beem moratorium on new urchin harvesting licenses
since 2004and licenses are retired if they are not renewed each VJkarewas also a
moratorium during 19981998, and very limited entry (through a lottery systesimg one in for
five out or one in for ten out ratipduring 19992004. SeeTable4 for historical counts of

licenses sold. Note that not all license holders eiieea( Table 5)

Harvester licenses peaked with a total of 2,725 licensed harvesters inli 2944 there vere
317licensed harvestefs 156divers,139draggersl0rakes, and 12 tribajmostly draggers)

Forty-sevendivers fourteendraggersand me rakemwerelicensed for Zone 1, the resere
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Zone 2. In 2014 there wereslevenlicensed buyers arfdze processorg¢Table 4) Most of the

processors are located in Portland aadrbyScarborouglfFigure 1a)

Fishery DependentData d Landings

Commecial landings data were collected bgtidnal Marine Fisheries Servipert agents until
the 199697 season, when mandatory dealer reportiandMR) commencedDealerglicensed
buyers and processomsho buy sea urchins from harvesters are requireegorttrip level data:
the pounds purchased, date, panded harvester license numbaigrvest method
(dive/drag/rake)price, and an estimate of the roe content (% index) for each lot purchased.
Almost alllandingsshould be reported through this tasystemthere is little or no
recreational catch or catch sold directly to consuroerstailers2014 datdrom dealer
logbooks are preliminary at this time, pending audiisndings data aneresented in Tablé

and Figure2. Estimatef the numbeof active harvesterss reported by dealeese presented
in Table5.

Landings Summary d Landingsgrew steadily from 1987 to a high of 17,821 mt (39 million
Ibs) valued at $23.5 millioex-vesselduring the 199293 season, thesteclined due to stock
declines management actior{@cludingshorter seasons), and harvester attritioandingsfor
the 2013i 14 seasor{preliminary)were872.6mt (1.92 million Ibs) valued at $3 million.
Average pice per pound has climbed steadily throughout the senees(Table6 andFigure 2a)
reaching a high of $3.11/Ib during 2013. Thethreebusiest townghighesturchin landings)
during 20Bi 14 were Lubec, JonespodndTenants Harborln calendar year 201#he Maine
sea urchirfishery wa the eighth highest both weight landed and esessel value (ME DMR
2015, preliminary data

By Zone and Geard Landings data fathe 20Bi 14 season byone, gear (diveakeor drag)
and month are presentadTable 7and Figureb. Zone 1 accounted f@0% of landinggup
from 15% the previous seaspmjith 80% from Zone 2. In Zone ¥9% of the landings were by
divers(up from 69% in 202i 13), while the rest were dragge@ivers were limited to fishing in

either Septembep early Octobeor in Decemberand &% of their landings occurred the
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early period due to their choice to fish then, and also longer daypreaihldy better weather
Landings for Zone jumped abou#i1% betveen the 202i 13 and 20Bi 14 seasons (Tabl@),
becaus®f a 44% increase in divatays due to an increase in the number of adtivers (Table
5) andperhapamore fishable days becauseuniusually good weather in September 2013

In Zone 2 during 20& 14, 55% of landings were dived or raked, arii¥&were dragged. The
amounts of raked landings were low and are confidential due to fewer b3 buying from
rakers December was the highest landings month, followed by Octobevarath (Figure 2h)

Priced Thehighest averagmonthlyex-vessebpricesfor 2013i 14 were seen inDecember,
followed by OctoberThe overall mean price for tf#913 14 season, $.63 was thesecond
highest in the time serigafter $3.11 in the previous seagdables 6 andb).

Roed Theprice of urchins depends on maiagtors, includingthe quality of the urchin roe,
worldwide supply anddemandwhich is impacted bgeasonaholiday marketsandonthe
Japanese yélS dollarexchangeate One measure gigualityois theroe indexd thepercent

of body weighiof the useable roavhichdetermineyield. Useable roe depends e color,
texture,form,andtaste and t he nat ur e eehdtdhlgendp Deplersabes mar k
asked to report their estimate of the roe index on thedings reports, and these data are
presented in Table &mnd Figure 3ai d. A roe index of 10% is usually acceptable and is often
the baseline for setting the price, but reported roe values have varied from about 3% to 25%.
Mean roe indices usually pea February as the urchins approach the late winter spawning
seasor{Table 8c) There is a loose correlation between price and roe, as shdvguire 3a. In

the 20Bi 14 season, an 8% urchin considered poor quality but acceptable when demand is
high or the buyer wishes to keep a loyal harvedtegenerallyearnedb1.35to $2.00 per pound

for the harvesters, while a 12% urchin earned abo30%$2.$2.801b. Aboveabout 186, the
relationship is less predictalfleigure 3a)perhapsecausesome of théigher roe indicesccur
after December, when worldwide demandd prices) ofterdrop. Also,buyers sometimes place

a cap on the maximum amount theanpay, regardless of quality
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Number of Active Harvestersd Dealer reportalso identify the harvestérom whom the
dealer bought urchins. The numbers of active harvestissold at leastwo lotsin a season
are listed inTable5. Note that the number attiveZone 1 harvesters increadeyl 19%

between 201112 and 203i 14 (concurrent with a lengening of the season from 10 days to 15
days in 201R13), while the number of Zone 2 harvesters declined abt¥t 2n Zone 1, about
43 of 66 licensed harvesters weaetive (6%), andin Zone 2, about 16of 264 licensed

harvesters weractive 61%), in 2013i 14.

Harvester Aged Theaverage ages of harvesters who were adtiveng the 203i 14 fishery
are also shown in Table 5. Note that there is reserpect thaMaine sea urchin harvesters,
particularly diverswill sooni &g ut 6 o f tinbedhe meaadge ef Zone 1 dsvers was
50 and the mean age of Zone 2 divers was 46.

Number of Trips and Mean Landings per Trip 8 Thenumbes of fishing trips by zone, gear
type, and montHfor 2013 14 are shown in Tablee® and generally show the same tisras the
landings data in Table MNote that if two divers fish from the same boat on the same day;, it
countedas two trips.The most fishing trips were made in December, when the price was highest
and the early/late and Zone 1/2 seasons overlappddan bndings per trigTable 9b)were
highest for Zone 1 draggers, followed by Zone 1 divers in Decemberowest landings per

trip occurred for Zone 2 draggers in January. It is likelyithdanuarynany draggers were
bringing in small quantite of urchins caught while scalloping, and others may have been
scalloping part of the day and urchining part of the d&gyne 2 landings per trip were impacted
by the seven tray daily trip limit (aboud® Ibs, or 29 kq) first implemented for the 20134
season. Mean landings per trip for Zone 2 were 542l55kQ) in 2013 14, compared with 663
Ibs 301kg) in 2012 13. Mean landings per trip in Zone 1 compared with the previous season
increased for divers (651 Ibs to 702 Ibs) and decreased for dsg@dge07 Ibs to ,B25 Ibs).

Fishery DependentData d Harvester Logbooks

Mandatory logbooks were implemented beginning with the 2D1.8eason for Zone 1

harvesters and for 201LB4 for Zone 2 Harvesters must report the date, location fished, amount
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of catchlanded and fishingeffort (time at sea (away time), mean depth in fathamsber of
dives or number of tows, and average duration of dives or fowsach day of fishing2014

data fromharvestefogbooks are preliminary at this time, pendinglitsi

Most Zone 1fishingtripsin 2013 14 were in the Tenants Harbor amegar the eastern boundary

of Zone 1(Figure B). More than 90% of Zone 1 landings were caught east°d @&ongitude
(Pemaquid Point)In Zone 2, Aout86% of dragger landingand 38 % of divelandings were
caughteastof 68300 | ongi t ude (, eastsf lonesdgrin R/ashingwon Cosnty,a n d

Figure 19; the rest werdistributedfairly evenly across theest of thezone.

Zone 1 diver atch rates from logbooks agdeeell with port interviews (discussed belofoy
2010 and 2011, but diverged in 20drad 2013 Zone 2 diver catch rates for 20113} from
harvester log books agreeiiwvith port interview results (Figure 4a.).

Total landings fronZone lharvester logboks were compared witandings frondealer
logbooks. For 201d.1, the harvesters report8% more landings than the dealdid; in 2011
12, harvesterseportedd% less;for 2012 13 harvesterseported8% lesshan the dealersind

for 2013 14 there waggood agreemerdn the total amount of Zone 1 landirgstween harvester
and dealer reportsThe Zone 2 harvester logbook landings total for the D4 3easorlso

agreed well with the dealer repoftgithin 1%).

Fishery DependentData ® Port Sampling

A commercial sea urchin port sampling program was initiated during thé 1998l fishing
season A description of the prograand methodsan be foundn Hunteret al 2015. Divers,
rakers,and dragger captains are interviewed at landing sitdaridmgsand effort data, and
biological samplesverecollectedbeginning in19%i 199%. Effort data include boat length
number of crewand avay hours, and bottom hours for digeand towindhoursand drag width
for draggers.Biological data include measuremis of diametefto the nearest mngnd weight
(grams)for 20 sea urchins from eachtch The numbers of interviews conducted and sea

urchins measured are listed, by season, in Tabl®©wér the past five seasons, program staff
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interviewed harvesterspeesenting an average of 4.2% of the fishery (by landed weight) and

measured an average of 0.025% ofdakttmated numdr oflanded sea urchins.

Catch RatesO Landingsper unit effort LPUE) is presented as a proxy for catch per unit effort

(CPUE) here. However, using LPW@iS a proxy for catch rates is problematic, if catch methods
and/or discard rates have not been stable. The implementation of culling on bottom rules for
Zone 1 divers in 2003 and Zone 2 divers in 2012 may have reduced discard rates. If culling on
bottomrequired more time on bottom for the same amount of landings, landings rates would
decline. Divers who culled on bottom voluntarily before the regulations were implemented told
us that divers would soon learn the technique and landings rates wouldsimtibeantly

affected. Since the LPUE for Zone 1 divers in 2@Band for Zone 2 divers in 20123 did

not seem to decline significantly from the previous seafahlé 11 andrigure 4a), they were

probably right.

Median pounds per bottom hour was s&i as a robust estimatorldfUE (Perryet al. 2002

Zhang and Perry, 20D5A comparison of the median pounds per bottom hour summarized from
diver interviewsconductedduringtwenty consecutivéharvesting season$dble 11 andrigure

44) shows that Zoa 2diver LPUEdropped steadily over the first eight years of the series, to
whatwas probably an economic threshold, about 125 tola&®r. Zone 1LPUE had probably
declinednearlyto thatlevel before the project begaand continued to decline duritige next

four seasonslit improved during the next three seasons and then dropped again, remaining near
125 Ibs/hr until 200809. Zone 1LPUE rose toabout 1® Ibs/hr during the 2009.0to 2013 14
seasonsLPUE increasd similarly in Zone 2 between 280and 2006but was loweduring

201011 to 201213, at about 125 Ibs/hr, then jumped to 164 Ibs/hr in 2D4,3probably due to

the new daily trip limit. (A trip limit would causedaily LPUE to rise, if, without the limit, catch
rates earlier in the day wereghier than later in the day, which might happen if the diver became
tired or urchins became scarcer at the fishing location during the dayE wasusualy higher

in Zone 2 than in Zone until 2008 09.

DraggerLPUE (Figure4b) for Zone 2 shows trendsrslar to the divers, except that the decline

for the first 8years of the series is not as evident, and there was not a significant increase in
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2013 14. Only eight dragger interviews were conducted in Zone 1 during the 29622013
14 seasons, becaussv fished.

Rising or stableLPUE doesnot necessarily indicatacreasng or stabé stockabundance
according to our survey resu(see next sectiaand analytical analys¢€henandHunter
2003. Itis likely thatLPUE s not a good index of sto@dbundance for this fishergnd there is
extensive literature on the problenmesulting fromassuming that commercial catch rates and
fall in proportion to abundandce.g.Hilborn and Walters 199 Keesing and Baker 199Brince
and Hilborn, 1998Chen and Hunter 200Erismanet al. 2011, and Wardet al 2013. In this
case, lhere are a number of factors that can kaegrallcatch rates stabler evenincreasing
when stock abundance is declinifiyperstability) such aserial depletioneconomicthresholds
and thesttrition of the least successful harvest@me discussion in Huntet al 2009,

aggregating behavior of the stq@ndchangea in fishing strategynd efficiency

There is evidence that all of these factwase influenced/aine fa urchinLPUE rates For
example, thénigherrates in Zone #Huring 200913 (Figure4ai b) have been accompanied by a
decline in roe content (Figuredt). Althoughchanges in roe conteobuld be attributed to
climate changea series of bad weather ygaor other environmental factordone 2 roe did not
exhibitas steep decline during the same time periods, suggestingZia 1harvesters may
have changed their fishing strategy, from targeting high quaidyinsto targetinghigher

volume poore quality urchins

Fishing Depth56 Diversand draggers are asked forithestimates of theninimumand

maximumdeptrs (ft) they fished. The median values of their responsestaren in Table 12
and Figure 5i 6. Fishingdeeper may indicate difficyltin finding urchins in shallow depths,
which might be of concern to managers, or it may just indicate the depth of the &eip feed
line (Miller and Nolan, 2008) There do not seem to be any worrying trends in recent depths
fished(Figure 5) Also see Figure 6, which compares 3014 with 1996 97 (an early year in

the programwith the most interviews).
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Deeper depths fished the 1995 96 seasofiFigure 5)by both divers and draggers in both zones
may be dudo bias introduced whethe port samplig progranbegarnlate (Dec.18) and missed

the first 3 months of that season. There is some indication that fishing is generally shallower in
September andeepeiin March April. Harvesters tell us they can find urchins in the spring that

are notyetspawning if they fish deeper, asiggested by Figuséal b.

Pounds per Trayd Landedsea urchins are usually stor@adtransportedn standard plastic
traysd also called totes or boxés which are easily stackeduring port sampling, samplers
count the teal number of trays for each catcRartially filled rays are counted as whole ones
and the average weight per tray for each catch is estimated as the weight of the tofftboatch
dealedandedweights, after taringdlivided by the number of tray§.hemedian &erage weight
per tray forthe past teseasons is listed in Table 13, by zone and gear tyipé&e that Zone 1
divers usually have the lightest trafgveragingabout 83 Ibs, or 38 kgandZone 2draggers
usually have the heavig@hbout 96 Ibs, or 43 kg) These estimates have been useful when
evaluating the impact gfropo®ddaily tray limits(trip limits). For the 201814 season, a
seventray daily limit (about 640 lbs or 290 kgjyas implemented faall Zone 2harvestersand
for 2014 15, a twelvetray limit (about 1,000 Ibs, or 454 kgvasenacted for Zone 1.

Size Distributionsd Expandedsize (estdiameter) frequency information summarized from
commercial samples, and expressed as a relative percastsigewnfor the 20Bi 14 samping
season for each zone in FiguteSizefrequencies were expanded from each sample to the
sampl ebébs catch, summed for all the sampl es
for each millimeter increment. There was no further expansiantbrigs osstratification by

gear or monthIn Table 14 andrigure8, median urchiiameter, as well as tHiest andthird

guartile diameterss presentedver time for each zonéAfter the increase in the minimum size

in 2001, from 2 inches to 2,sinches(50.8 to 52.4 mi) the median sea urchin diameier
commercial catchdsasconsistentlybeenabout 60mm (2.36 inches)n both zonesuntil 2009

10, when the size in Zone 1 increastmla median valuef 63 mm(2.48 inchesjn 2013i 14.

This incrase coincides with increasing catch rates and declining roe content, discussed above.
Note thatn most yearshere is generally a wider range of sizasightin Zone 2 than in Zone 1

(Figure 8) passildy because o wider geographic range of active fisg grounds in Zone 2 and
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the prevalencef small urchins in Cobscook Bay and large ones in the Jonespqrtis®essed

further under the survey results below

There maype minimum and maximum size limit compliance problems in the fish&he legal
minimum diametetis 2/, inches, or 52.4 mrand the legal maximum diameter is 3 inches, or
76.2 mm There is &% tolerance by courbr undersized and 5% for oversized, so that a legal
catch may have up to 5% undersized and 5% oversized urohimse ndersized and one
oversized in our 2@rchin sample In sampled Zone 1 catchies 2013 14, only about 0.5 % of
landed urchins were undersized and 0.2% were oversized (Figure 7a). Hownestesf the

illegal urchins were clustered in just a few of tlaécbes, that is, catches were either very clean
(no illegals in the samples) or illeg@i 6 over or undersized urchins in the sampl&hreeof

the eighteen samples collected in Zone 1 (17%) were illegal for undersized and two other
samples of theigheen(11%) were illegal for oversized, so that 28% of the catches we sampled
may have been illegakor Zone 2 in 2011314, 7 of 77 (9%) of samples were illegal for
undersized and 5 of 77 (6%) were oversizéfe rarely encounter a sample that has both-over

and undersized urchins.

Also notethatthe use of a manual measuring boasatked in millimetergor measuring urchi
diameter, where users are required to round the diameter they read to the riianesemmay
havecreated artificial modes at 665,and70 mm (for Zone 1,Figure 7a) This user bias for
round numbergalsoevidentin otheryears)waspreventedluringthe second half ahe 201314
season by switching to electronic calipertate December 201,3after all the Zone 1 samples

hadalreadybeen measured.

Diameter-Weight Relationshipsd which have been used in our modeling efforts (Chen and
Hunter, 2003and Appendix A are presented for tH®99 2000 and2013 14 season samples,
by zone, in Figur®. Parameter&, b) were estimated for each zorw the relationship:

Weight =a - Diametel

Discardsin the urchin fishery 8 Theminimum and maximursize limits do not prevent the

taking of small and ovesized urchinsharvesters are allowed to take an illegal animal as long as
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it is Acummedi anebypaafddter harvesting and is
(Maine Title 12, Ch. 623, 8674R) with a 5% tolerance by number

There is little data on the extent of discarding in the fisherlgadtvariedremendously, even
between diversn the same boat, from less than one bucketful per day for one diver to over half
the catch of another diver (Robert RusdeMR, unpublished datdebruary 208). Dragger

discard rates vary greatly depending on the underlying size structure of thatipopoeing
fished(Hunter 2007).There are also reports of very high levels of discarding of small and poor

quality urchins in the early years of the fishery (Amory 1994).

An escape panel for Zone 2 drags was required beginning i @D08t it is ugertain whether

it is effective in reducing onboard cullirggnd discardingHunter 2007). Aculling-on-bottom

rule for Zone 1 divers was implementeelginning in2003 04, which required that divers could
not bring aboard more than 20% undersized or 208tsiged urchins, meaning that they would
have to be somewhat stgelective in their harvesting on bottom, before the urchins were culled
to no more than 5% undersizadd5% oversized on the vessé\. similar rule for Zone 2 divers

was enacted for 20123.

During 20Di 11, port samplers asked divers to estimate the number of trays of urchinetba
discarded from the vessel. For Zone 1, based on 14 interviews, about 11% of the catch was
discarded (by volume). For Zone 2, based on 99 interviewst 8Bét of the catch was
discarded. When Zone 2 harvesters were interviewed during 2B{&1 interviews) after the

culling-on-bottom rule was implemented there, they reported discarding aB%ubf the catch.

The fate of the (mostlgmall) urchins thiare culledrom catches is not known. There is

evidence that green sea urchins exposed to extremes of air temperature or rough handling may
not survive depending on the length of expos(Rebinsonand Macintyre 1995). Temperature
extremesarecommahur i ng t hi s Evensfiheyrsyvives exmsuee sl handling,
urchins that are culled fromdave vessel anchored in deeper water away from the urchin beds,
where the bottom generally lacks feed, may be lost from the syshemer 2011) There is also
evidence that dragged urchins camimtallydamaged (punctured, crusheddespined in the
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drag especially in scallop drags, which are heavier than most urchin(@eegser and Weeks,
1998)

Fishery IndependentData d Spring Dive Survey

An annual springea urchirdive surveyalongthe Maine coastlinestratified by region and
depth,was begunin2001T he st atebés coastline was divi
1b), each with roughly the same sea urchin landind988 200Q s that, by evaluating the
same number of sites in each region, sampling a@falistributedroughlyin proportion to

fishing effort At least sixteen sites are evaluated in each of the nine regions eacSegaar.
urchins are counted, samples are measfiest diameter)and algal cover is evaluatda two
diversata mix of fixed and randomly chosen sitasyallyrestricted to hard bottom typ@®ck

or gravel substratesh haphazard quadraéiong a transeawith a depth profile froni5to O m

(4910 0O ft). Algal cover is recorded for each of three functional algal groups: crustose corallines,

understory, or canopisteneck and Dethier, 1994lf the taller algagjroupsare growing above
the shortegrours, the total cover can be more than 10046te that sea urchin roe content is
not measured during the survelhe survey is conducted during late spring, after spawning

when roe indices would be low.

In 2002 we began counting and measusagplegcarapace width) of the cra@ancer
borealisand Cancer irroratus whi ch have been reported as
urchins (Leland 2002; Steneekal 2004). In subsequent years, countdatbstersHomarus
americanusseastarsAsteriasrubens(encountered throughoytAsterias forbeis(in southern
Maine), andCrossaster papposysncountered only in Regior),9he invasivavhite colonial
tunicateDidemnunsp, andcommercidly harvestedsea cucumbsiCucumaria frondos were

added to the survey

Data from avideo camera survahat wa conductecdht deeper sites during 20004, abandoned

in 2005 because of problems with the cable and the lack of sea urchins found in the six
westernmostegions,are not included in analyses hebet were evaluated by Cleaver (2014)
Some extrafixedsie s, ¢ al bsited thdt weredadded i 2904 and dropped in 2010 are

alsonot included in analyses heexcepin the sectiorbelowon fixed sites
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Data elements includgratified arithmetienean abundance (numbsrindividualsper square
meter or N-m?) andestimates o$tratified arithmetienean seaurchinbiomassgrams per

square meter, or-gn’?, calculatecby multiplyingtheabundance of eaaliametersize category

(2 mm)by weight from a dimetesweight relationshigrom Scheiblinget al (199) and

summing over size categorjedMean abundance and biomass estimates are calcidatsth

of three depth strai@i 5, 5 10, and 1015 m)in each of the nine survey regions for a total of 27
stratg and therweightedby stratum areéock and graveliugstrates onlyTable16).

The survey and its protocols are descrifugtherby Grabowskiet al. (2005) Jones (20055nd
Hunteret d. (2015). The numbers of sites visited each year, quadrats evaluated, total counts of
urchins, crabs, lobsters, diah, and cucumbers, and the numbers measured, are presented in
Table 15.Note that Region 1, in Zone 1, was not surveyed in 2012 and 201&stifratehe

Zone 1 means in those years, the 2011 values for Region 1 were used again for 2012 and 2013.

SeaUrchin Biomassd Biomass indice$g-m™) weregenerally lowest in regions I and

highest in regionsi® (Table 17and Figure 10i 11), and highest in the shallowest depth stratum
and lowest in the deepg3table B). Note that biomass is consistently loweZone 1 (regions

1i 3) than Zone 2 (regions 8). Biomass in Zone 2 fell steadily from its high of 3161§in

2001 until 2007, rose to aboutd§ min 2009 2010, reached a time series low of 1081§in

2013 and rose in 2014n Zone 1, biomaswas highest with a value of 106ng” in 2002, then

fell to below 30 gm?in ten out of eleven years between 2004 and 2014. Its time series low was
alsoin 2013(Table 17, Figure 10)Both zones exhibited an increasébiomass in 2014, and
particularlyin the biomass of sulegals (Figure 10b These increases were driven by higher
biomasses in regions 3, 4, 8, &)dvhile the other regions declined or stayed about the same as
2013 (Table 17 and Figure 11)n Zone 1, Region 3 has consistently hael highest biomass

and Region 1 the lowest. In Zone 2, Region 9 has consistently had the highest biomass and
Region 5 thdowest (Table T andFigure 1). Biomass in all regions has declined since the
survey began in 2001. The rate of decline was grela¢dseen 2001 and 2004, and Bhsved

or stabilizedafter the fishing seasons were drastically shorten200d (Table?). Rank testing
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showed that the declines between 2001 and 2004 were statistically significant in regions 3 ,4, 5,
6, and 7 (Hunteetal. 2005).

SeaUrchin Abundance d Abundance indicedN:m?) (Table ® and Figurel?) generally
followed the same trends as biomass. The lowest abundance was observed in Zon2 1 in 201

and in Zone 2 in 2013. Abundance in all regions has declined smsernvey began in 2001.

Sea UrchinSize Distributionsd Size (test diameterlistribution plots (Figurd3) from the
spring survey ofteexhibit the bimodality discussed by other researchers (Botst@il1994,
Vadaset al 2002 reviewed by Scheiblm 1996.

Figure B perhaps best illustrag¢he trends noted in the abundance and biomass indices above.
Declines between 2001 and120seem to have occurred for all sizes of urcliiigure 1), with

no obvious longerm changes in size distribution fither zone (Figure4). The mean

abundances afndesized urchins iflRegion4, and legakized urchins ifRegion 9, have

increased since the survey began in 2001. The abundances in all other size groups and regions
havedecreasedlfable D). In 2014,Region 9 (Cobscook Bay area) had both the highest mean
abundance (all sizes) and the highest abundaneedefsizedsublegal (<53mm) urchins, at all
depths (Table 2and Figure 15). Region 8 (Roqué&NachiaspoitCutleir W.Quoddy Head)

had the highestahsity of legaisized urchins (5376 mm), and Region 7 (Milbridgé&ddisori

Jonesport) had the highest density of oversized urchins (>96 mm

Exploitable Biomassd Although itis possible to estimat®tal andfishable(legaltsized)
urchin biomass for eaalegion and depth stratum by expanding the density estimates by the
areas of likely urchin habitat (Table 16)e f i ni ng fAexpl oi tabl ed bi omas
1. Not all legatsized urchins counted during the spring survey will have marketable roe
the llowing winter. No attempt is made during this survey to evaluate roe content or
qguality. Harvesters tel]l u sthatttheyety tolavoio w o f  a
2. The selectivity of the survey diveisprobablyhigherthan that of a commercidiver,
that is, thewwill count an urchin that an industry diver might se€or bother with
Draggerselectiviy has not beethoroughlystudied although Wahle (199%uggested
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that it is dependent on substrate type, with drags being more dfficieamooth ledge
than in cobble habitats

3. Many of the surveyed urchins are at low densitgo low to support the efforts of a
diver or dragger. If we assuradhreshold oét least five marketable urchins per sgua
meter to support harveste found,using the 2009 survey dathatonly 16% of the
Zone 1 total biomass estimate &1d6 of thelegatsizedbiomass estimate were derived
from legalsized animals in densities of at leash® For Zone 2, 39% of total urchin
biomass and 76% of legaizedurchin biomassomprisedurchins in densities of at
least 5m?.

4. We al so dondét have thesholddgneity af urchinserequiredfoaat e o f
harvest. Four or five- m? was suggested by Jones (2005) as more likely than the ten
suggested by Grabows#d al (2005). Grabowskiet al did their work in 2001, and
Jones suggests this threshold has gone down as urchins became more scarce. Higher
prices wouldalso support a lowehreshold. If divers and draggers require different
thresholds, and the progimn of diver to dragger participatiaianges as divers agat
of the fisherythis could also resultishifi ng def i ni t i o mwerschéve iex pl ¢
also told us that they will fish in protected areas on bad weather days that have lower
densities thanthose thatvould be acceptable on a good weather, daythe definition of
Aexpl oitabled can depend on the weather

Despite these problems, total drsthablebiomass estimates could sbikuseful as long as tlge

wereclearly defined andsed as indices

Deep water sea urchin population® Data from the Maine spring sea urchin survey conducted
in deep wate(18 38m)using a dop camera during 2002004 were evaluated by Cleaver
(2014), who found significantly higher urchin densiiiesleep watemn esstern Maine (roughly
Zone 2) compared with western Maine (Zone This supports the concept ofieonveyor bel
(Johnsoret al 2013) a source of recruitmetttat could deliver urchins from deeper water
refuges to replenish harvested areas in ZonEh?s may be one reasamhy Zone 2 continues to
have highemeanurchin densities than Zone(Eigure 12)in fishable depthsdespite higher

fishing effort(Table 9a)
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Algal Cover 8 SeelJones (2005) for an in depth look at the relationships between algal
functional grougcover and sea urchin density, using data foma year (2002) dhe Maine

spring sea urchin surveyn generald pooling daa from all regions and deptBs higher
understoryand canopylgal covemwere both associated with exponeryidewer seairchirs.

The highest urchin abundances were found with the lowest understory, the lowest canopy, and
the highest crustose corallingalcovers. These findings are consistent with descriptions of the
two alternative stable statedofminated byleshy algaevith few urchins, ohigh-abundance

urchin barrens witlencrustingcorallines) describely other researchers and discusseder

Life History and Habitat above.

Algal cover data from the spring survase displayed in Tab$22 23 andFigures 161 18.

Because the evaluation of percent algal cover is the most subjective observation made during the
survey, only data from the one diver wparticipated irall surveyyeass were used heréNote

that adding the percent understory and the perceopgecover together sometimes results in a
total percent algal cover greater than 100Pketotal cover of fleshy algae (understgoius
canopy darkest shades Figure 1§ increased in both zones to a peak in 2@84sea urchin
biomass fel(Figure 10, and then declinedntil 2007, then rose and felgain. There desnot
seem to be angontinuednegative correlation with urchin biomass, or other long term trend,
after2004 when viewed at the zome regionlevel (Table22, Figurel6). Generally, Zoe 2 has
had more canopy and encrusting algael less understory algakan Zone 1.Zone 1 tends to
have more of the understory red algfaondrus crispuglrish mossthan Zone 2 (Robert Russell
DMR, pers. obs.)Region 9 has consistently had the ésvvalues of all types of alga&his

may be due in part to the high frequencyiathin and scalloplragging activity there, as well as
the relatively high abundance sfaurchins

Sea Urchin Biomass andilgal Cover Trends at Fixed Sitesd To look atthe relationship
between urchin abundance and algal cover in more detalil, it is useful to review the data from
sites that have been monitomnegheatety during the survey.There are five fixed, afisentined

sites in eaclof the ninesurvey regios. Thes are sites that were part of the random pick in
2001, and thewereselectedo be revisited each yeavith input fromharvestersas siteghat

historically supported urchin population$here were also two more fixed sites added in each
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region in 2005nd discontinued in 2010 that were chosetthieysurvey crewas particularly
interesting or with high urchin abundance,
urchin biomass (averaged over all quadrats observed at the site) anflesieaaigal

(understory plus canopygercentcover for these 63 fixed sites (seven per region) are presented

for each year iTable23.

As of 2013, sa urchin biomass decreased at 46 obthéxedsites between the first and last
times they were visitedL.6 had increased arntlhad not changed (always zer®)f the 46 sites

with declining urchin biomass, 32 had declined by at leastffilce when comparing the average
of the first two years with the average of the last two ye@ifsthose 32,8 had an incrase in
fleshy algal cove(Figurel7a)and ¥4 had decreasing or no change in fleshy al@gure I7b).

This lack ofastrongcorrelation between declining urchin biomass and increasing fleshy algae
was unexpectedjiven the role of sea urchins as majgahgrazers discussed aboviépon

further inspection, the8lsites that hathcreasing algal coverageeraged7% covethefirst
yearthey were surveyedvhile the 14 that had declining or unchanging algal cover averaged
97% cover in thie first year that is, they were already algddminated when the survey began.
Furthermore, pooling all the quadrats for each site over all depths may be obscuring the urchin
algal relationshig whichmay bemore obvious at the quadrat spatial scaeay(Jones 2005)It

is alsopossiblethat a certain biomass of small urchins exéifferentgrazing pressure than the
same biomass of (fewer) large urchiBglfeibling & Hatcher, 2033 Further evaluation ohese

considerationss beyond the scope of thisport

It remains to be seen whether the 18 sites withffie urchin decline and increased algal
coverage will be stable in that stateer the long term For most, however, the urchin decline
had occurred by 2006 anddaot been reversed the seven yeasince ther(Table B, Figure
17ai b). Of the 30 sentinel sites that are still being monitdhedaveragd more tharl00 gm™
of urchinsin 2001, onlynine (onein Zone 1.eightin Zone 2)werestill at or above that leveh
2013 and onlythreewereabove 300g-m™, the approximate average value suggested by
Vavrinec (20®) required to maintain barrens at 10 m depth in midcoast Maines.lack of
urchinrdominatedixed sitesin the survewill make it difficult to detect furtheuarchin toalgal

Afloi pgd they occur.
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Three of the 63ixed siteq2Y, 4E, and 5H) havexhibitedat leasia five-fold increasan urchin
biomass over the course of the survey, and all three had a decline in fleshy algal cover (Figure
18).

Sea Urchin Biomass Threshold® FilbeeDexter and Scheibling (2014) reviewed several
studies that estimated a threshold biomagg@dnsea urchins required to maintain a sea urchin
barren(100 600g:m' §, and the threshold biomass required to shift an-algaiinated habitat

to seaurchindominated 1 17 3n' % & might be possible to evaluate these thresholds for the
Maine sea urchin stock and use survey results as biological referensefpomanagement.
Vavrinec(2003) estimated threshold urchin biomass level to maintain urdd@rrensas about
300g:m' Zattwo sitesin Maine at 10 m depth. He also noted stimatedhreshold valug

weredifferent among study sitesd depthsandseemed to be lower in eastern Maine. TaMlle 2

and Figure 19 show the percentage of quadrats evaluated during the survey that had at least 300

g'm' of urchins by year, region and zopand reflect the declines over time s&enther

indices forboth zoms.

Crab Abundanced Cancercrabs C. borealis the Jonah crab, ar@@l irroratus, the rock crab)

have been implicated asajor predators of green sea urchins in Mapreying upon both newly
settled juvenile urchins, and adult urchiBge Stenecét al (2013 and Scheibling and Hatcher
(2013)for reviews. We began counting crabs during the 2002 spring sea urchin survey, although
these crabs become more acewe more visibldater in the summer. The resuleundance in
stratified mean numbers paruare meteraredisplayed in Tabl@5 andFigures 20i 21. The
survey data support anecdotal accounts of a
the Maine coastlingpeaking in Zone 1 in 2003 and in Zone 2 in 2(fd§ure 21) Time series

lows forthe twospeciessombinedoccurredn Zonel in 2011 and in Zone 2 in 2013. Zone

means fodonah crabs were alwalgggherthan rock crabs, except in Zone 2 in 200212 and

2013 Jonah crabs were most abundar2002 2003in Region 1 in 2004 inRegion 3, in2005

2008 inRegion 5and in Region 6 in 2009; by then abundance had declined gendraltk
crabswere consistently most abundant in Regions 4 afitkgion 9 consistently had the lowest
abundance of both species
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Fishery IndependentData d Maine-New Hampshire Spring and Fall Trawl Surveys

The MaineDMR has been conducting a biannual (spring and fall) inshore trawl survey since the
fall of 2000. It was designed to complementféaeral Northeast Fishes Science Center
groundfish surve. Documentation of thesshoresurvey protocol¢Shermaret al 2005)and
annualresults(e.g.Shermaret al. 2013)are available at

http://www.maine.qgov/dmr/rm/trawl/reports/index.htm

The survey utilizes fixed and random sites stratified by four depth ranges and five regions. The
four depth ranges arei 80 fahoms(9i 37 m), 21 35 fa (38 64 m), 36 55 fa(65/ 101m) and
greater than 55 falFrom fall2000 through spring 2@]a total 0f2,579 tows were completed
successfullythe shallowest site visited was 2.5 fa (4.6 amdthe deepest was 121 fa (22).m

A total of 556 ga urchins were observedlid5tows or about6% of thesurveytows. Onlytwo
towscaught urchins in the deepeasitatum, in November 2@80and June 2014othin Region 5
east of Jonespqrin 57.5 fa (105 m) and 83fa (152 m) respectivelyNinety-sevenof the145
tows (67%) with urchins were in depth stratum 1, the shallowest stratum. The highest mean
weight ofurchins per standardiz&®-minutetow in a fall surveyfor a regionwas1.07 kg/tow in
2005 in Region 5 (Schoodic Point to Lubec), depth stratum 1. The highgestmean in a
spring survey was 0.47 kg/tow, also in 2005 in Region 5, depth strat@nthe 145 tows with
urchins 49 (34%) were in Region 5, despite it having the fewest tows overall (4Aiyty-five
(24%) were in Region 4Mount Desert Island argal9 (13%) in Region 3(Penobscot Bay area)
25 (17%) in Region 2(Casco BayndMidcoas), and I (12%) in Region 1(New Hampshire

and southern Mainewhich had the most tows overall (569)he greatedhiomass of sea
urchins in a single tow was 1.98 kg, aisdall 2005,east of Jonespoin depth stratum.1

The towsin eastern Maine ithe shallowest stratunwere the most likely to catch sea urchins,

but, perhapsecausairchinoccurrencen the surveywasrelativelyrare, theraevereno obvious

trends over time.
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ANALYTICAL STOCK ASSESSMENT

Population dynamics modeling is discussed ipémlix A.
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TABLES and FIGURES

Table 1. History of Maine sea urchin management laws (law) and regulations (reg)
(Laws and regulations usually go into effect during the late summer.)

Before 1992

1 $20 @mmercial fishing license required annudlgw)

1992

1 $89 sea urchin licenses required for hand harvesting and dragging annually (law)

1993

Minimum size limit of 2 ithes(law) (Implementedn reg.Jan. 1, 1994)

Authority to adopt rules on drag size, nighttime dragging, and tolerance onsizeter
urchins granted to DMR commissioner (lesee below for implementation in rgg.
Sea urchin boat tender license required for tenders (law)

Season closed May 15 to August 7 for 1993, to August 15 for 1994 (law)
Nighttime harvesting of urchins prohibitéeg, effective May 25, 1994)

10% tolerance on sea urchins less than 2 in. (reg, effective Jan. 1, 1994)

Urchin drag width restricted to 5% ft. (reg, effective Alig. 1994)

E

= =4 =4 -8 A

1994

1 Research surcharge on licenses: $160/harvester, $500/buyer, $2500/praesaly (law,
effective Jan. 1, 1995)

Sea urchin research fund established (law)

Moratorium on new licenses (law, effective July 1994)

Two fishing zones established with seasons (effective Jan. 1, 1499pg4law in 1999:
Zone 1: Closed Apr. 1 Aug. 15, Zone 2: Closed May 150ct. 1

= =4 A

Authority to adopt rules for processor/buyer logbooks granted to DMR commissioner (law)
Permits for buyers and processors required (law)
Safety training required for divers, effective 1995 (law)

= =4 =

1995

1 Modified seasorlosures (law):

Zone 1: Apr. ' Aug. 31 (not enacted in time for Zone 1 opening on Aug. 16, 1995)
Zone 2: May T Oct.

Handraking and trapping license added ($89 plus $160 surcharge annually) (law)
Exception to license moratorium due to medical camalit, and deceased license transfer to
family members (law)

= =4
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= =4 =4 -4

=

= =4 -8 -8 _-9_9_-°

Authority to extend closing dates for entire zones or portions thereof, to conserve spawning
urchins, granted to DMR commissioner (has never been exercised) (law)
License ($89) and surcharge ($3Bnually and safety training required for tenders (law)

1996

Sea Urchin Zone Council established (to advise on selection of fishing days), consisting of
appointed memberghreedraggersthreedivers,onebuyer, andne processor from each

zoneplus 2 scientists (law)

Fishing days limited to 150 per year in Zone 1 and 170 in Zone 2 (law)

Limitations onswitching zone® capat he zonebés previous year o0s
Logbooks required from buyers/processors (reg)

Modified zone season closure: May luly 31, for both zones (law)

Draggers not allowed to fish during August or September (law)

Violations of sea urchin laws result in mandatory $500 fine (law)

1997

Fishing days limited to 120 per year in each Zone (reg)

Role of Sea Urchin Zone Councimanded: recommend fishing days, advise on the spending
of the research fund, and other matters of interest to the urchin industry (law)

Harvesters cannot switch zones during the open season (law)

1998

Role of Sea Urchin Zone Council expanded: recommiemited entry ratio (law)

Lottery for issuing a limited number of new licenses with a 1:5 exit ratio (law and reg)
Up to 30% of license surcharge may be used for enforcement overtime (law)

Two seasons in Zone 2 (harvester chooses one) (law)

Early: Octi Mar. or Late: Nowi. Apr.

Tender added to Zone Council (law)

1999

Surcharge may be used for Council support, 30% for law enforcement (law)

Failure to submit logbook reports may prevent license renewal (law)

No possession of urchins on boat duringfishing day (law)

Mandatory suspension of license for violation of season or zone restrictions (law)
Condition for switching zones: 1 in for 1 out (law)

Sea Urchin Zone Council membership changed to 2 buyer/processors per zone (law)
Six small areas closed for resgalreg)

2000
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E

= =

= =4 -8 8 48 -9

No exceptions to the license moratorium for medical conditions; no transfer of deceased
harvesterds |icense to family members (I aw)
Minimum size tolerance reduced from 10% to 5% (reg)

Season reduced to 110 days per year (reg)

Maximum size of3¥2" established, with a 5% tolerance, to be reduce to 3 3/8" in 2001 and
reduced again to 3¥4" in 2002 (reg) (but see 2001)

Casco Bay research area closed for reseeding (reg)

2001

Season reduced to 94 days per year (reg)

Minimum size increased to 2 1/1&% tolerance (reg)

Maximum size reduced to 3.0", 5% tolerance (reg)

DMR given authority to implement limited entry system (law, see 2002 for reg)

Drag license holder must be on boat, exceptions for multiple license holdetsnene

transfer of license kwed (law)

Surcharge may be used for Council travel expenses (law)

Mandatory suspension of license for violation of closed areas (law)

Diving from a vessel with urchins aboard illegal without license etc. (law)
Processords surchar$goe0. fawlduced from $2500 to

2002

Onetime expansion of drag license eligibility (law)
Limited entry license lottery system as defined in law in 1998 repealed (law) and
repromulgated in regulation with minor changes. (reg)

2003

License lottery exit ratio changed frominlfor 5 out to 1 in for 10 out (reg)

DMR commissioner given authority to prohibit new entry to protect fishery from imminent
depletion (law)

Surcharge may be used for safety training and other management programs (law)

Mandatory $1000 fine for*2violation of minimum size rule and mandatoryta 3-year

license suspension fol’¥iolation of minimum size rule within 5 years (law)

Zone 1 divers must #dAcull on bottomo, 20% t ol
Zone 1 dragger season shortened from 94 days to 84 days (reg

Western Zone 2 closed for an additional 10 days (reg)

Zone 2 divers must use largeesh catch bags (reg)

Zone 2draggers mustuse lamgee sh fAescape panel 6 in back of
License fees increased from $89 to $111 for harvesters and tenders @fféoid4), and

from $217 to $385 for buyers and processors (effective 4/1/04), research surcharges
unchanged (law)
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2004

Re-opened six of the seven areas closed for research ifi 2899 (reg)
License lottery (new entry) suspended indefinitely (reg)

Zonel season reduced from 94/84 days to 10 days (reg)

Zone 2 season reduced from 94 days to 45 days (reg)

2005

Choice of early or late seasons for Zone 1 divers (reg)

2007

Sea Urchin Zone Council restructured, fewer members, some elected (law and reg, not
implemented until 2008)

2008

Tender research surcharge to be divided 50:50 between the urchin research fund and the new
scallop research fund (law)

2009

WhitingRivera n d D e n mrgainZon®2zlgsed to the taking of scallops and sea
urchins until Mayl, 2011 (reg) Later changed to May 1, 2012 (reg)

Choice of early or late seasons for Zone 1 draggers (reg)

New license for hand harvesting with tender, fe@l$tesearch surcharge $160 (law)
No more temporary tender license (law)

Changes to safety trang requirements fodivers andenderqlaw and reg)effective
12/21/09 for new licenses and 1/1/11 for licenses renewed before 8/1/10

Zone 1 hand harvesters and hand harvesters with teiederseduced t$25 and $50
respectively, effective through /11 (law)

2010

License fees increased from $111 to $152 for harvesters and $133 for {efféetve
4/27/10),from $161 to $202 for hand harvesting with ten@dfective 7/5/1(ut not
implemented until 2011 licenses were issuadyl from $385 to 443 for buyers and
processorgeffective 4/27/10)research surcharges unchanged. Exceptions: fees for Zone 1
hand harvesters and hand harvesters with temelerain$25 and $50 respectively, effective
through 12/31/11and tenderesearctsurcharge incresed to $50 (effective 7/12/ut not
implemented until 2011 licenses were isquédw)

Mandatory logbook reporting for Zone 1 harvesters
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2012

Zone 1 season increased to 15 days (reg)

Zone 2 seasvoreduced to 36 days (reg)

Whiting River and Dennys Bayased area in Zone 2 reopened for 4 days to divers and 4
days to draggers; iidte daily possession limits after the first day (reg)

Zone 2 divers must fAcull on bottomo, 20 %

2013

Zone 2 seasvincreased to 38 days (reg)

Zone 2 harvestéf-tote daily possession limiteg)

Mandatory logbook reporting for Zone 2 harves(eeg)

Whiting River and Dennys Bdimited-accessrea in Zone 2 opened for 9 dagdivers and
9 days to draggefseq)

2014

Zonel harvester 12ote daily possessiomtiit (reg)
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Table 2. The annual (top) or seasonal by zone (bottom) number of open fishing days in the
Maine sea urchin fishery.

Year or Season Total Days (No Zones untilan. 119%)

1986 365

1987 365

1988 366

1989 365

1990 365

1991 365

1992 366

1993 335 (losed Jul971 Aug. 7)

1994 273 (closed May 15 Aug. 15)

Zone 1 Days Zone 2 Days

19941995 228, Aug. 16 Mar. 31 272, Aug. 16 May 14
19951996 229, Aug. 16 Mar. 31 212, Oct. 2 Apr. 30
1996 1997 150, Augi Mar 170, Augi Apr
19971998 120, Sep Feb 120, Octi Apr
19981999 120, Sefy Feb 120, Octi Apr
19992000 120, Sep Feb 120, choice of early (OtMar) or late Novi Apr)
20002001 110, Sep Feb 110, choice of early (OtMar) or late (NoVApr)
20072002 94, Sep Mar 94, choice of early (OtMar) or late (NoVApr)
20022003 94, Sep Mar 94, choice of early (OtMar) or late (NovApr)

20032004 94 diwe, 84 drag, SepMar. 94, choice of early (OtMar) or late (NovApr)
2004 2005 10, Sep dive, Dec drag 45, choice of early (Sépgan) or late (D&dviar)
20052006 10, choice of Sep or Dec 45, choice of early (S&gan) or late (DddVar)
2006 2007 10,choice of Sep or Dec. 45, choice of early (Ségan) or late (DédVar)
20072008 10, choice of Sep or Dec. 45, choice of early (Otdan) or late (DddViar)
2008 2009 10, choice of Sep or Dec. 45, choice of early (Otfan) or late (Dddviar)
2009 2010 10, choice of Sejpr Ded Jan. 45, choice of early (Ségan) or late (DédVar)
20102011 10, choice of Sepr Ded Jan. 45, choice of early (Ségan) or late (DédVar)
20172012 10, choice of Sepr Ded Jan. 45, choice of early (Ségan) or late (DédVar)
20122013 15,choice of Sepr Ded Jan. 36, choice of early@cfi Jan) or late (Dddviar)
20132014 15,choice of Sepr Ded Jan. 38, choice of early@cfi Jan) or late (DddViar)
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Table 3. 2013i 14 Maine sea urchin fishing seasocalendars

2013 - 2014 Sea Urchin Season for Maine Zone 1

[O]= Open

Early Season for Divers, Rakers and Trappers

[ ]=Closed

Late Season for Divers, Rakers and Trappers

September 2013 October 2013 December 2013
S M Tu W Th F S S M Tu W Th F S S M Tu W Th F S
1({2]13]|4|5]|6|7 1(2(3]4]5 1(2(3]4]|5|6|7
[} Ke) o[fofoO
8191011121314 67189101112 819110111213 ]| 14
Ofo0ofO]O O|lO[O]O
15(16 117118 19| 20| 21 131141516 17 (18| 19 1511617181920 | 21
oO[fo0ofO]O O[0]O]|J]0O]O
22123 |24 | 25|26 (27|28 2012122 (23(24 12526 22123 |24 (25]|26 |27 |28
Oflof[fO]O ®)
291 30 271282930 (31 29130 | 31
O O| O
Early Season for Draggers Late Season for Draggers
December 2013 December 2013 January 2014
S M Tu W Th F S S M Tu W Th F S S M Tu W Th F S
1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4
(ol el o) @)
8191011121314 81 9|10(11(12]13 |14 516|718 9([10]11
oOfof[fO]O [®) O O
15(16 117118 19| 20| 21 15(16 17|18 |19 (20| 21 1211314 | 15|16 | 17 | 18
OjJ]OoOf[O|O O () (0]
22123 |24 |25(26(27 |28 22123 |24 2526|2728 19120212223 (24|25
OO (©) (©) O
29130 |31 29130 | 31 262728293031
OO O[O ®) O O
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Table 3 continued.

2013 - 2014 Sea Urchin Season for Maine Zone 2

[O]= Open

[ ]=Closed

Early Season for Divers, Rakers and Trappers

October 2013 November 2013 December 2013
S M Tu W Th F S S M Tu W Th F S S M Tu W Th F S
112|3|4]|5 1] 2 1123|4567
(O} e 0]l]0]O0
6|78 9]|10|11]12 314|15|6|7)|8]9 89 (10(11(12|13|14
0]1]0]O0 O|O0]|O 0| O
13|14 (15|16 | 17 [ 18 | 19 10111 |12 (13|14 | 15| 16 15|16 (17118 |19 (20| 21
0)l]0] O O|O0]|O 0]l]0]|]O]|O
2021 22|23|24|25]|26 17118 (19|20 | 21|22 |23 221232412526 |27 |28
0)l]0] O O|O0]|O 0| O
271281293031 24125126 |27 |28|29|30 29130 |31
0]l]0]O0 (o} e 0| O
Late Season for Divers, Rakers and Trappers
December 2013 January 2014 February 2014 March 2014
S M Tu W Th F S S M Tu W Th F S S M Tu W Th F S S M Tu W Th F S
1 2 3| 4 5 6 7 1 2 3 4 1 1
8 9 (1011 (12|13 | 14 5 6 7 8 9 ]10(11 2 3 4 5 6 7 8 2 34|65 6 7 8
0100 010 ]| 0O (O ©) 010 ]| O
15116 |17 |18 | 19|20 | 21 12113 |14 | 15| 16 | 17| 18 9 (1011121314 | 15 9110|1112 |13 | 14|15
0O|]O0|O]|O O|0]| O 0|0 O|0]| O
22 (2324|2526 (27|28 1912021 | 22|23 |24 (|25 16 |17 118|119 | 20| 21 | 22 1617 (18 | 19| 20| 21| 22
0| O O|0| O O | O
29130 | 31 261272829 |30|31 2312412526 |27 |28 23|24 (25|26 |27 (28|29
0] 0 0]10] 0O 0]0]|O
30|31
Early Season for Draggers
October 2013 November 2013 December 2013
S M Tu W Th F S S M Tu W Th F S S M Tu W Th F S
1 2 3 4 5 1 2 1 2 3| 4 5 6 7
O|O0]|O 0]1]0]O0
6 7 8 9 110 |11 |12 3| 4 5 6 7 8 9 8 9110|1112 |13 |14
0)l]0] O (O e 0| O
131141516 | 17| 18 | 19 10] 11|12 |13 |14 | 15| 16 15116 |17 |18 | 19|20 | 21
(o} N e O[O0 O 0O]0]O
20|21 (2223|2425 26 17118 |19 (20| 21|22 | 23 22123 (24 |125|26 (27|28
0]1]0] 0O (O} e (0] (O e
271281293031 241 25|26 |27 |28|29| 30 29|30 |31
0)l]0]O0 O|O0]|O 0] 0O
Late Season for Draggers
December 2013 January 2014 February 2014 March 2014
S M Tu W Th F S S M Tu W Th F S S M Tu W Th F S S M Tu W Th F S
1123|4567 112 3| 4 1 1
0]0]O0 o
89 (10(11(12|13| 14 5(6| 78] 9]|10]|11 23456 7](38 2|1 3|4|5|6]|7]8
0| O 0]10]| 0O 0|0 0| O
15116 (17118 |19 (20| 21 12 (13|14 |15 16 | 17| 18 9110|1112 |13 (14|15 9|10(11|12|13 (14|15
0]1]0]O0 0| O (O e 0| O
2223 (242526 (27|28 1912021 | 22|23 |24 |25 16 |17 |18 |1 19| 20| 21 | 22 16 (17 (18 | 19| 20| 21| 22
(6] (O} e 0| O O[O O[O
29 (30 (|31 26 (2728293031 23242526 (27|28 232412512627 |28]|29
(o Ne] 0| O 0]0]O
30|31
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Table 4. Counts ofMaine seaurchin licensegissued annually for a calendar year)

Zone 1 Zone 2 Statewide
Year |Dive Drag Rake Unk Total |Dive Drag Rake Unk Total| Dive Drag Rake Unk ':'_'oatlgfs Tender Buyer Proc.
1992 829 246 1,075
1993 1,437 567 2,004
1994 1,725 1,000 2,725 843
1995 | 611 237 3 851| 580 404 5 989(1,191 641 8 1,840 736 9 18
1996 | 501 167 2 670( 562 327 4 893|1,063 494 6 1,563 730 70 19
1997 | 405 133 1 539( 514 287 2 803 919 420 3 1,342 648 65 20
1998 | 348 95 1 444| 460 260 1 721 808 355 2 1,165 544 51 18
1999 | 332 87 2 421| 437 252 2 691 769 339 4 1,112 538 42 15
2000 313 74 2 389( 407 242 2 651 720 316 4 1,040 530 31 18
2001 | 281 65 2 348( 383 240 2 625 664 305 4 973 453 30 11
2002 | 246 53 2 301| 343 242 1 586 589 295 3 887 355 23 12
2003 | 182 44 2 228| 289 224 1 514 471 268 3 742 276 18 13
2004 | 134 30 2 166| 261 206 1 468| 395 236 3 634 212 12 12
2005 | 106 27 1 134| 234 187 1 4221 340 214 2 556 155 13 13
2006 | 83 24 0 107| 213 178 1 392 296 202 1 499 150 13 12
2007 | 75 24 0 99( 195 164 1 360 270 188 1 459 142 12 12
2008 61 21 0 82| 188 163 1 352| 249 184 1 434 138 13 12
2009 60 18 0 78| 181 152 1 334 241 170 1 412 192 12 13
2010*| 54 18 0 72| 167 157 2 326( 221 175 2 398 97 11 11
2011*| 49 15 0 64| 156 159 1 316| 205 174 1 380 78 7 10
2012*| 47 16 0 63| 143 143 5 291 190 159 5 354 67 11 10
2013*] 49 15 0 2 66]125 134 3 2 264| 174 149 3 4 330 62 9 7
2014*| 47 14 1 62| 109 125 9 12* 255( 156 139 10 12* 317 46 11 5

Early vs. Late
Early vs Late
Zone 1 Zone 2

Year Early Late Undcl Early Late Undcl
—  |Dive Drag Rake Total| Dive Drag Rake Unk Total|Dive Drag |Dive Drag Rake Unk Total| Dive Drag Rake Unk Total| Rake [Drag | Unk
2003 155 90 1 246( 134 134 268
2004 125 78 1 204| 136 128 264
2005 [ 34 1 35/ 60 3 63| 12 24115 77 192| 119 110 1 230
2006 [ 41 2 43| 40 4 44| 2 18| 96 69 165| 117 109 1 227
2007 | 38 2 40| 37 6 43 16| 90 54 144 105 110 1 216
2008 [ 36 1 371 25 8 33 12| 67 49 116| 121 114 1 236
2009 [ 35 14 49| 25 2 27 2| 71 55 126 110 97 1 208
2010 [ 31 12 43| 23 5 28 1| 70 59 1 130 99 98 1 198
2011 18 11 29| 31 4 35 62 62 124 94 97 1 192
2012 | 24 13 371 23 3 26 52 51 2 105 91 90 3 184 2
2013 28 12 4| 21 2 25 1| 42 49 1 92| 83 85 2 170 2
2014+ 28 11 39 19 3 1 23 38 43 1 3 85 71 82 3 6 162 5 3

Notes:

No tender license until 1994.

No zones until 1995.

No buyer/processor permit until 1995.

No raker/trapper license until 1995.
Entry closed, no new harvester entrants 1995 - 1998.

Limited entry, harvester license lottery 1999 - 2004.

Entry closed, no new harvester entrants after 2004.

* 2010 - 2014 include about 10-20 tribal licenses, mostly draggers.
DMR does not always hawve information on whether tribal licenses are late or early, or dive, drag, or rake.
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Table 5. Numbersof active sea urchin harvestergsold at least two lotsduring the 2011
12, 201213,and 2013i 14 seasonsand mean age (years) of active harvesters in
20131 14 (bottom). 2014 data are preliminary.

Number of Active Harvesters (sold at least 2 lots) in 2011

Zone 1 Zone 2 Total
Divers 29 111 140
Draggers 7 94 101
Total 36 205 241

Number of Active Harvesters (sold at least 2 lots) in 2012

Zone 1 Zone 2 Total
Divers 32 82 114
Draggers 7 76 83
Rakers 0 2 2
Total 39 160 199

Number of Active Harvesters (sold at least 2 lots) in 2013-1

Zone 1 Zone 2 Total
Divers 37 78 115
Draggers 6 80 86
Rakers 0 3 3
Total 43 161 204

Mean Age of Active Harvesters (sold at least 2 lots) in 2013-

Zone 1 Zone 2
Divers 50 46
Draggers 53 51
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Table 6.

Maine sea urchin landings by fishing season and zonigom NMFS port agent
reports by county through 1995 96, and then fromdealer reports.

Pounds Metric Tons Value Price
Season Zone 1 Zone 2 Total Zone 1 Zone 2 Total $ $/Ib
1987-88 4,074,614 1,848.2 840,104 0.21
1988-89 7,479,854 3,392.8 2,512,549 0.34
1989-90 10,507,781 4,766.3 4,238,658 0.40
1990-91 17,500,228 7,938.1 8,291,892 0.47
1991-92 19,705,059 8,938.2 11,063,187 0.56
1992-93 39,288,946 17,821.3 23,478,555 0.60
1993-94 37,829,393 17,159.3 26,968,165 0.71
1994-95 17,430,440 19,706,850 37,137,290 7,906.4 8,939.0 16,845.4 35,536,073 0.96
1995-96 15,479,639 14,782,860 30,262,499 7,021.5 6,705.5 13,727.0 33,183,441 1.10
1996-97 10,389,420 13,465,189 23,854,609 4,712.6 6,107.8 10,820.4 26,580,434 1.11
1997-98 6,609,750 10,338,950 16,948,700 2,998.2 4,689.7 7,687.9 18,339,532 1.08
1998-99 5,772,995 10,929,943 16,702,938 2,618.6 4,957.8 7,576.4 20,102,119 1.20
1999-00 5,072,148 8,982,967 14,055,115 2,300.7 4,074.6 6,375.4 18,858,460 1.34
2000-01 4,426,427 7,391,533 11,817,960 2,007.8 3,352.8 5,360.6 16,119,624 1.36
2001-02 3,202,928 4,647,644 7,850,572 1,452.8 2,108.2 3,561.0 9,717,479 1.24
2002-03 1,952,361 4,748,271 6,700,632 885.6 2,153.8 3,039.4 8,758,199 1.31
2003-04 1,293,602 5,040,920 6,334,522 586.8 2,286.5 2,873.3 8,860,609 1.40
2004-05 156,803 3,630,293 3,787,096 71.1 1,646.7 1,717.8 5,802,979 1.53
2005-06 112,192 3,740,713 3,852,905 50.9 1,696.8 1,747.7 5,371,416 1.39
2006-07 154,991 2,874,500 3,029,491 70.3 1,303.9 1,374.2 4,581,572 1.51
2007-08 178,550 2,975,853 3,154,403 81.0 1,349.8 1,430.8 5,043,356 1.60
2008-09 138,683 2,960,823 3,099,506 62.9 1,343.0 1,405.9 5,089,928 1.64
2009-10 121,710 2,991,471 3,113,181 55.2 1,356.9 1,412.1 5,902,851 1.90
2010-11 148,767 2,152,991 2,301,758 67.5 976.6 1,044.1 5,143,746 2.23
2011-12 181,226 2,149,873 2,331,099 82.2 975.2 1,057.4 5,081,370 2.18
2012-13 273,371 1,564,810 1,838,181 124.0 709.8 833.8 5,721,560 3.11
*2013-14 384,143 1,539,565 1,923,708 174.2 698.3 872.6 5,067,105 2.63

* 2014 data are preliminary

Paged0



Table 7ai c. 2013i 14 landingsby zone gearand month from dealer reports, with pounds
(top), metric tons (middle) and asa percentage ofthe seasortotal (bottom).

Pounds
Zone 1 Zone 2 State Total
Dive Drag Total Dive&Rake Drag Total
Sep 182,023 0 182,023 0 0 0 182,025
Oct 15,747 0 15,747 112,467 200,038 312,505 328,252
Nov 0 0 0 86,184 109,143 195,327 195,327
Dec 106,899 79,474 186,373 213,186 236,978 450,164 636,537
Jan 0 * * 111,248 15,982 127,230 127,23C
Feb 0 0 0 154,548 70,101 224,649 224,64¢
Mar 0 0 0 172,219 57,471 229,690 229,69C
Total 304,669 79,474 384,143 849,852 689,713 1,539,565 1,923,70¢
Metric tons
Zone 1 Zone 2 State Total
Dive DragTotal Dive&Rake Drag Total

Sep 82.6 82.6 82.6

Oct 51.0 90.7 141.7 148.9

Nov 39.1 49.5 88.6 88.6

Dec 48,5 36.0 845 96.7 107.5204.2 288.7

Jan k3 K 50.5 7.2 57.7 57.7

Feb 70.1 31.8101.9 101.9

Mar 78.1 26.1104.2 104.2

Total 138.2 36.0174.2 385.5 312.8698.3 872.6

Percent of Total

Zone 1 Zone 2 State Total
Dive Drag Total Dive&Rake Drag Total

Sep 9% 9% 9%
Oct 1% 1% 6% 10% 16% 17%
Nov 4% 6% 10% 10%
Dec 6% 4% 10% 11% 12% 23% 33%
Jan * * 6% 1% 7% 7%
Feb 8% 4% 12% 12%
Mar 9% 3% 12% 12%
Total 16% 4% 20% 4% 36% 80% 100%

*December and January are combined for Zone 1 to preserve the confidentiality of January data, and
divers and rakers in Zone 2 are combined to preserve the confidentiality of the raker data.
2014 data are preliminary.
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Table 8ai c. 2013i 14 ex-vesselalue, mean prie per pound,and mean roe indices (%) by
zone, gear and montHrom dealer reports. One pound = 0.454 kg.

Value ($)
Zone 1 Zone 2 State Total
Dive Drag Total Dive&Rake Drag Total

Sep $398,356 $398,356 $398,35¢
Oct $33,194 $33,194 $295,653 $536,405 $832,058 $865,252
Nov $237,401 $258,867 $496,268 $496,26¢
Dec $270,069%$145,010$415,079 $771,998 $656,904%$1,428,902 $1,843,98!
Jan * * $282,656 $34,478 $317,133 $317,13¢
Feb $409,783 $165,852 $575,634 $575,63¢
Mar $445,311 $125,169 $570,480 $570,48(

Total $701,620%$145,010$846,629  $2,442,801%1,777,675%4,220,476  $5,067,10¢
Mean Price per Pound ($)

Zone 1 Zone 2 State Avg
Dive Drag All Dive&Rake Drag All

Sep $2.19 $2.19 $2.19
Oct $2.11 $2.11 $2.63 $2.68 $2.66 $2.64
Nov $2.75 $2.37 $2.54 $2.54
Dec $2.53 $1.82 $2.23 $3.62 $2.77 $3.17 $2.90
Jan * * $2.54 $2.16 $2.49 $2.49
Feb $2.65 $2.37 $2.56 $2.56
Mar $2.59 $2.18 $2.48 $2.48
Season $2.30 $1.82 $2.20 $2.87 $2.58 $2.74 $2.63

Mean Roe Index (%)

Zone 1 Zone 2 State Avg
Dive Drag All Dive&Rake Drag All

Sep 9.3 9.3 9.3
Oct 8.8 8.8 12.1 12.8 12.5 12.3
Nov 13.3 12.2 12.7 12.7
Dec 11.0 8.6 10.3 13.7 13.4 13.5 12.9
Jan * * 13.4 12.7 13.3 13.2
Feb 13.5 13.3 13.4 13.4
Mar 13.4 11.6 12.8 12.8
Season 9.6 8.6 9.5 13.3 12.8 13.1 12.3

*December and January are combined for Zone 1 to preserve the confidentiality of January data, and
divers and rakers in Zone 2 are combined to preserve the confidentiality of the raker data.
2014 data are preliminary.
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Table 9 ai b. 20137 14 number of fishing trips (above) and mean pounds landed per trip
(below), by zone, gear and monthfrom dealer reports. Note that two divers
fishing from the same vessel on the same day are counted as two trips
One pound = 0.454 kg.

Number of Fishing Trips

Zone 1 Zone 2 State Total
Dive Drag Total Dive&Rake Drag Total

Sep 265 265 265
Oct 28 28 204 365 569 597
Nov 150 202 352 352
Dec 141 60 201 403 454 857 1,058
Jan * * 202 55 257 257
Feb 256 137 393 393
Mar 293 124 417 417
Total 434 60 494 1,508 1,337 2,845 3,339

Mean Landings (Ibs) per Trip

Zone 1 Zone 2 State Avg
Dive Drag All  Dive&Rake Drag All

Sep 687 687 687

Oct 562 562 551 548 549 550

Nov 575 540 555 555
Dec 758 1,325 927 529 522 525 602

Jan * * 551 291 495 495

Feb 604 512 572 572

Mar 588 463 551 551
Total 702 1,325 778 564 516 541 576

*December and January are combined for Zone 1 to preserve the confidentiality of January data, and
divers and rakers in Zone 2 are combined to preserve the confidentiality of the raker data.

2014 data are preliminary.
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Table 10. Maine sea urchin port sampling summarngtatistics and sampling intensity.1000lbs = 453.6 kg.

Total Number of Total weight of Sampling rate for Mean weight Estimated Total number Sampling rate Number of
Season Landings harvester interviewed harvester interviews of a sampled number of of urchins for measured urchins
(Ibs) interviews catches (Ibs) by catch weight urchin (@) urchinslanded measured urchins per |b

1994-95 37,137,290 404 249,705 0.67% 0 0%

1995-96 30,262,499 180 115,613 0.38% 99.78 137,575,329 5,585 0.0041% 4.5
1996-97 23,854,609 537 330,568 1.39% 95.91 112,820,251 10,674 0.0095% 4.7
1997-98 16,948,700 464 280,111 1.65% 98.25 78,247,551 9,274 0.0119% 4.6
1998-99 16,702,938 499 308,119 1.84% 101.09 74,942,759 9,839 0.0131% 4.5
1999-00 14,055,115 416 243,592 1.73% 908.86 64,491,089 8,320 0.0129% 4.6
2000-01 11,817,960 343 198,336 1.68% 90.70 59,099,886 5,919 0.0100% 5.0
2001-02 7,850,572 314 167,638 2.14% 91.53 38,906,817 4,560 0.0117% 5.0
2002-03 6,700,632 219 126,003 1.88% 89.82 33,837,499 2,940 0.0087% 5.0
2003-04 6,334,522 166 97,767 1.54% 93.56 30,710,274 1,960 0.0064% 4.8
2004-05 3,787,096 111 70,936 1.87% 89.46 19,201,854 1,420 0.0074% 5.1
2005-06 3,852,905 116 90,881 2.36% 95.11 18,375,906 1,660 0.0090% 4.8
2006-07 3,029,491 117 87,047 2.87% 101.86 13,490,057 1,415 0.0105% 4.5
2007-08 2,949,228 107 74,506 2.53% 105.42 12,689,185 1,260 0.0099% 4.3
2008-09 3,099,506 60 39,902 1.29% 103.44 13,591,481 978 0.0072% 4.4
2009-10 3,113,181 124 86,969 2.79% 100.52 14,048,395 2,112 0.0150% 4.5
2010-11 2,301,633 205 125,185 5.44% 94.68 11,026,962 3,740 0.0339% 4.8
2011-12 2,331,099 130 70,318 3.02% 95.25 11,100,476 2,300 0.0207% 4.8
2012-13 1,838,181 188 106,130 5.77% 100.31 8,312,439 2,780 0.0334% 4.5
*2013-14 1,923,708 129 76,410 3.97% 96.04 9,085,641 1,900 0.0209% 4.7

* Landings are preliminary



Table 11. Maine sea urchinlandings per unit effort (Ibs/hr) medians by management zone
and seasonfor divers (left) and draggers (right), from harvester interviews.
One pound = 0.454 kg. One ft = 305 meter.

Diver pounds per bottom hour Dragger pounds per ft width tow hour
Season Zone 1 Zone 2 Season Zone 1 Zone 2

median std err median std err median std err median std err
1994-95 150 8.13 220 11.64 1994-95 24.56 5.07 31.33 8.06
1995-96 126 9.38 208 13.48 1995-96 17.90 7.65 28.42 7.75
1996-97 132 6.40 201 6.73 1996-97 23.10 5.79 24.80 3.38
1997-98 117 6.79 189 7.78 1997-98 28.12 5.31 28.53 4.18
1998-99 154 6.10 185 7.34 1998-99 27.25 3.18 33.61 3.46
1999-00 146 6.00 176 8.34 1999-00 19.39 1141 28.31 3.25
2000-01 161 10.43 152 7.56 2000-01 20.55 2.01 29.14 3.93
2001-02 136 5.29 130 7.44 2001-02 22.47 2.84
2002-03 135 7.51 145 8.71 2002-03 25.93 3.23
2003-04 128 9.99 164 14.09 2003-04 26.38 3.21
2004-05 120 12.75 150 10.50 2004-05 23.40 3.86
2005-06 137 15.34 189 10.81 2005-06 34.98 3.81
2006-07 122 11.14 177 9.97 2006-07 35.24 4.94
2007-08 122 17.65 152 9.95 2007-08 29.25 11.06
2008-09 147 13.74 154 13.34 2008-09 28.56 5.62
2009-10 166 18.36 145 9.30 2009-10 23.46 4.37
2010-11 158 16.29 124 12.31 2010-11 19.03 3.35
2011-12 162 20.40 122 8.00 2011-12 20.90 3.41
2012-13 170 13.23 126 5.79 2012-13 22.60 3.15
2013-14 153 23.18 164 11.80 2013-14 22.83 4.24
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Table 12 Maine sea urchin harvester fishing depths from harvesteinterviews by season,
gear, and zone. Data are the median minimum depth fished (feet) response, the
median maximum depth fished (feet) response, and the number of interviews
(N). 2012 14 data for draggers are not available yetOne foot = 0.305 meters.

Diver Median Depths Dragger Median Depths
Zone 1 Zone 2 Zone 1 Zone 2

Season Min. Max. N Min. Max. N Season Min. Max. N Min. Max. N
199495 10 20 209 9 20 132 1994-95 30 42 13 10 30 49
199596 15 35 97 10 30 113 1995-96 10 35 11 10 40 47
199697 5 20 176 6 20 249 1996-97 11 39 10 12 50 81
199798 6 25 183 8 25 194 1997-98 10 40 11 13 60 63
199899 6 22 229 6 20 193 1998-99 12 60 7 16 50 67
199900 5 25 168 6 20 159 199900 22 44 3 10 40 75
2000-01 10 25 165 10 25 105 2000-01 135 22 6 11 40 60
2001-02 10 20 146 12 25 120 2001-02 20 30 47
2002-03 15 20 79 15 25 101 2002-03 Fewer 30 39 39
2003-04 20 20 68 20 30 60 2003-04 than 3 20 40 38
2004-05 15 20 30 20 20 51 2004-05 dragger 35 45 28
2005-06 10 20 24 20 225 64 2005-06 . . 275 40 26
2006-07 10 20 26 15 20 55 2006-07 Interviews 30 40 30
200708 10 20 27 20 20 51 2007-08 DA RO 40 40 29
200809 5 20 7 20 20 31 2008-09 in Zone 1 225 40 22
2009-10 135 20 12 12 20 57 2009-10 since 25 50 47
2010-11 10 20 22 10 20 114 2010-11 200601. 20 40 67
201112 0 15 18 10 18 53 2011-12 20 30 53
201213 0 15 30 10 20 88 2012-13

201314 0 15 26 10 20 70 2013-14

Table 13. Maine sea urchin harvester median pounds per tray fronharvester interviews
by season, gear, and zone. One pound (Ib) = 0.454 kg.

Diver Median Pounds per Tray Dragger Median Pounds per Tray
Season Zone 1 Zone 2 Season Zone 1 Zone 2

median std err median std err median std err median std err
2004-05 839 3.91 86.3 2.55 2004-05 91.5 3.27
2005-06 86.4 2.66 85.7 1.52 2005-06 95.5 2.83
2006-07 80.2 2381 90.0 2.08 2006-07 Fewer than 99.4 2.77
2007-08 81.3 3.18 85.0 2.84  2007-08 3 dragger 985  3.97
2008-09 83.7 2.88 86.1 2.88  2008-09 '”;fg‘gg‘é"sn 91.8  2.69
2009-10 85.0 3.31 923 171  2009-10 pin Zone 1 99.4 273
2010-11 81.0 3.25 85.7 1.25  2010-11 since 2000 940 2.03
2011-12 82.6 2.16 88.6 2.61 2011-12 01. 98.3 1.76
2012-13 81.4 1.48 91.9 1.22 2012-13 95.7 1.72
2013-14 87.7 2.61 89.6 0.95 2013-14 87.2 2.40
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Table 14. Maine sea urchin diameters (nm) by management zone andeason, from
samples of thdanded catch. Note that the minimum legal size changed from 2
inches (50.8 mm) to 26 inches (52.4 mm)peginning with the 2001 02 season

Zone 1
Season No. of TOtél Mean StDev Min 1St. Median 3rd.
samples urchins guartile guartile
1995-96 111 2,220 60.6 7.1 41 55 60 65 101
1996-97 194 3,880 58.8 6.5 39 54 58 63 90
1997-98 199 3,980 61.2 6.5 44 56 60 65 89
1998-99 230 4,600 60.9 6.5 42 56 60 65 91
1999-00 177 3,540 60.1 6.5 40 55 59 64 88
2000-01 134 2,680 58.8 6.1 43 55 58 62 86
2001-02 96 1,920 60.5 6.4 47 55 60 65 88
2002-03 43 860 61.4 5.5 45 58 61 64 86
2003-04 31 620 59.4 4.3 47 56 59 62 86
2004-05 27 540 60.9 5.0 50 57 60 64 82
2005-06 15 300 61.6 5.0 50 58 60 64 78
2006-07 16 320 61.5 5.3 50 57 60 65 77
2007-08 14 280 61.6 6.4 48 57 60 65 81
2008-09 6 120 61.0 4.9 52 58 60 64 74
2009-10 11 220 63.9 7.0 50 59 62 66 85
2010-11 21 420 67.1 6.9 38 61 66 71 87
2011-12 19 380 63.1 5.6 50 59 63 67 80
2012-13 22 440 63.2 6.5 50 59 63 67 93
2013-14 18 360 63.2 6.0 48 59 63 67 80
Zone 2
Season No. of Totgl Mean StDev Min 1St. Median Srd. Max
samples urchins guartile guartile

1995-96 169 3,365 60.6 8.9 40 54 59 66 95
1996-97 340 6,794 60.9 8.5 39 55 59 66 94
1997-98 265 5,294 62.4 7.9 41 57 61 67 97
1998-99 262 5,239 62.2 8.1 44 56 61 67 110
1999-00 239 4,780 62.0 8.2 44 55 61 68 99
2000-01 162 3,239 58.7 6.7 44 54 57 63 90
2001-02 132 2,640 59.3 6.1 45 55 58 63 85
2002-03 104 2,080 61.0 6.0 37 56 60 65 81
2003-04 67 1,340 60.3 6.3 45 55 60 65 81
2004-05 44 880 61.6 5.4 51 58 61 65 83
2005-06 68 1,360 61.4 5.9 45 56 60 64 86
2006-07 55 1,095 62.4 6.2 47 57 60 65 85
2007-08 49 980 62.5 6.1 47 57 60 63 80
2008-09 43 858 63.1 6.6 47 58 63 67 83
2009-10 95 1,892 61.6 7.0 43 55 60 65 84
2010-11 166 3,320 61.4 6.5 45 56 60 65 86
2011-12 96 1,920 61.0 6.8 47 55 59 64 87
2012-13 117 2,340 61.8 6.8 47 55 60 65 89
2013-14 77 1,540 62.6 6.2 45 58 61 66 89
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Table 15. Maine spring sea urchin surveyd number of survey sites and quadrats evaluated, urchins counted and measured,
Jonah crabs counted and measured, rock crabs counted and measured, lobsters counted, starfish counted and
measured, and sea cucumbers counted, by survey year.

. . Jonah Jonah Rock
Number Number of | Urchins Urchins Rock crabs |Lobsters |Seastars Seastars |Cucumbers
Year . crabs crabs crabs

of Sites = Quadrats | counted measured measured | counted | counted measured| counted
counted measured |counted

2001 | 292 @ 14,072 (123,945 14,623 - - - - - - - -
2002 | 226 8,510 | 81,702 10,140 | 534 467 708 674 - - - -
2003 | 225 8,793 | 54,728 8,850 974 863 495 454 313 | 16,900 881 -
2004 | 195 8,310 | 42,274 7,003 | 1,000 982 286 283 246 7,027 653 -
2005 | 144 8,080 | 41,973 6,293 | 1,093 1,100 284 284 319 7,162 277 -
2006 | 144 7,570 | 35,827 4,305 713 696 280 292 292 3,684 239 -
2007 | 144 7,640 | 29,056 3,516 424 416 103 91 184 3,588 157 -
2008 | 144 7,799 | 41,089 4,867 562 941 189 203 382 3,206 149 -
2009 | 144 7,711 | 41,472 5,411 275 271 112 115 435 3,273 234 -

2010 | 144 7,348 | 43,370 4,921 212 207 93 96 372 1,828 122 813
2011 | 144 7,460 | 25,205 3,095 129 126 83 85 399 1,290 95 923
2012 | 150 7,380 | 27,123 3,700 125 112 103 99 342 499 41 632
2013 | 155 7,814 | 29,524 3,533 109 104 85 87 235 642 71 589
2014 | 144 7,007 | 33,000 3,225 174 174 135 133 267 1,021 83 328

Page48



Table 16. List of sea urchin survey regionsand depth stratawith estimated area (nf) of
rock and gravel substrates

Region Depth Habitat Area Habitat Area
Region Name No. stratum (m?) (m?)
for stratum for region
Zone 1
Kittery to Phippsburg 1 1 (0-5m) 3.89E+07 1.65E+08
2 (5-10m) 5.98E+07
3 (10-15m) 6.58E+07
Phippsburg - Boothbay - 2 1 2.07E+07 7.35E+07
- Bristol - Bremen 2 2.66E+07
3 2.62E+07
Friendship - Port Clyde - 3 1 5.35E+07 1.28E+08
- Tenants - Rockland 2 3.70E+07
3 3.75E+07
Zone 2
Isleboro - Vinalhaven - 4 1 1.55E+08 2.74E+08
- Stonington 2 6.40E+07
3 5.51E+07
Blue Hill - Swans s - 5 1 5.23E+07 1.48E+08
- Mount Desert Is 2 4.95E+07
3 4.64E+07
Frenchman Bay - Winter 6 1 3.81E+07 6.20E+07
Harbor - Corea - Steuben 2 1.20E+07
3 1.19E+07
Milbridge - Addison - 7 1 1.23E+08 1.80E+08
- Jonesport 2 3.66E+07
3 2.05E+07
Roque Is - Machiasport - 8 1 5.40E+07 9.79E+07
- Cutler - W. Quoddy Hd 2 2.66E+07
3 1.74E+07
Cobscook Bay 9 1 3.44E+07 5.20E+07
2 8.72E+06
3 8.90E+06
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Table 17. Maine spring dive survey stratified mean sea urchin biomass (grarper square
meter), with standard errors (SE), by region (19) and zone (12), depths Q 15m,
all survey years, not including industry sites Note that Region 1 in Zone 1 was
not surveyed in 2012 and 2013. Testimatethe overall Zone 1 means in those
years, the 2011 values for Region 1 were used again for 2012 and 2013.

Zane 1 2

Reglon 1 2 3 3 (Zone 1) 4 5 [ 7 3 g 4-9 (Zone 2Z)
¥ear [Mean SE[Mean SE |Mean SE |[Mean SE |Mean SE [Mean SE |[Mean SE |Mean SE |Mean SE |Mean SE |Mean  SE
2001 53 25 1431 35.4| 2065 845 184 247 1974 7.1 100.7/215] 417.5| 80.7| 4083 |592| s85.6 7E.5| 5874 B1g| 3148 351
2002 63 44| 737.4 71L.7| 1584 349 169 190 1388 515 B4.0 32| 457 64.4| 2622 685| 5684 E9.2| 5657 1042 2596 274
2003 43 21| 0.1 298| 1555 404 .5 154| =5 38.5| 123.7/430| 3752 £7.4| 2253 432| 3814 38.1| 5887 1324| 2217 222
2004 56 42| 322130 240 Bo| 174 43| s5.7 252 634 273|257 7L0| 1251 282| 3368 57.0| 5170 10B2| 1551 1&1
2005 17 11 120 ao| s29 245 252 85| 122 22 aBa/191| 2775 70.9| 1464 |a13| am.6 85.1] 4354 57.6| 147.4] 158
2006 (| 109 40| 241130 512 280 .6 103| 902 45.5| 414 186| B9 33.3| 751 289|457 B3.6| 5095 B38| 1494 2056
2007 62 25| 185101 145 81 118 37| 1459 s0.7| 588 394| 508 2005 224| 70| 3234 sa.8| 3363 582 1308 205
2008 52 32| 385258 206 147 173 74| 1307 =6l 312 121| 1646 B4B| 1063 300| 4281 8290|3768 s29| 1613 246
2009 22 08 148 71| 187 55| 105 24| .6 23| 588 174] 145 as6| 2853 |62.1] 527.2 1249 3588 509 1963 2332
2010 54 17 9.9 3.1| 515 308 329 108 20000 2.0 77.4 192| 2M.5 14.7| B3E 384| 311 107.4| 3884 458 1850 304
2011 o2 03| 241101 287 214 s 78| 1m1 63| 75.3/283| s6.1 298| ass|268|2n.7 rL1]| 3087 433 1348 224
2012 15 11| 448 163 B4 57 1453 523 477 114| 1@ 8 47.2| 255 B5| 2131 64.0| 3402 490 123.0 200
2013 23 13| 281 118 w01 42 52182 454/181| 8.9 a51| 730 298| 275 7LO| 3383 355 1049 133
2014 16 10| 49 27| 765 305 285 107 1874 &.7| 358 129| 193 6.8 250 123| 337.7 138.3| 5630 2208 1596 313

Table 18. 2014 Maine spring dive survey stratified mean sea urchirbiomass (grams per
square meter) by depth stratum and region.Darkest gray shading indicates the
depth of highest biomass for each region; no shading indicates the depth of
lowest biomass.

Depth Stratum

Zone Regionn  1(0-5m) 2 (5-10m) 3 (10-15m
1 1 0.7 3.6 0.4
2 3.3 9.0 2.2

3 152.7 30.8 13.1

2 4 306.6 59.9 0.4
5 76.5 18.5 8.3

6 22.0 9.6 20.9

7 15.4 64.8 11.5

8 359.3 291.1 341.8

9 813.9 464.0 274.7
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Table 19. Maine spring dive survey stratified mean sea urchin abundang@umber per square mete)), with standard errors
(SE), by region (11 9) and zone (12), depths G 15m, all survey years, not including industry sites Note that Region

1in Zone 1 was ot surveyed in 2012 and 2013. Testimatethe overall Zone 1 means in those years, the 2011 values

for Region 1 were used again for 2012 and 2013.

Z0ne 1 2
Region 1 2 3 1-3 (Zone 1 4 5 6 7 8 9 4-9 (Zone 2
Year [Mean SE|Mean SE[Mean SE|Mean SE|Mean SE|Mean SE|Mean SE|Mean SE|[Mean SE|Mean SE|Mean SE
2001| 0.190.10 2.86 1.07 3.791.359 1.98 0.5 6.08 1.9 4.701.29 10.64 2.0§ 7.20 1.81| 12.231.83 38.726.79 9.25 0.94
2002 | 0.850.79 491143 512129 3.16 0.64 2.38 0.81] 3.03 1.14 12.08 1.87] 5.41 1.50 12.35 2.11} 46.10 8.3 7.90 0.771
2003| 0.36 0.19 110043 3.020.83 1.44 0.3] 204079 274089 838202 3.790.80 6.631.11 37.76 8.21] 5.87 0.6%
2004| 0.140.03 0.730.2d 0.510.17 0.39 0.04 0.990.39 1.72 O.7d 435125 1.890.46 5.331.02 36.47 7.68 4.37 0.56
2005| 0.16 0.0 0.37 0.0 1.54 0527 0.68 0.19 0.430.21] 1.160.38 6.24 1.79 1.94 0.67 6.87 1.39 28.42 3.74 3.90 0.3%
2006 | 0.550.13 0.69 0.277 1.00 0.43 0.73 0.1 2.26 1.12Z 0.83 0.311 2.08 0.70 0.92 0.37 6.43 1.42 28.134.15 3.85 0.51
2007] 091049 0.340.127 0520.18 0.66 0.2 286 0.89 1.390.73 1.350.48 0.21 0.05 5.11 1.28 24.30 4.97 3.54 0.4§
2008 | 0.84 0.4 2531.39 1.140.30 1.28 0.3 6.97 2.91] 1.43 0.61 413 1.57 1.020.29 6.32 1.57 29.87 5.90 5.82 1.08
2009| 0.130.04 0.340.10 1.390.33 0.61 0.14 396 1.071 4.76 1.55 4.311.33 4.731.70 8.67 2.42 24.32 4.37| 6.17 0.73
2010| 0.64 0.20 0.32 0.077 3.36 1.10 1.53 0.39 8.49 3.48 3.98 O.6i 5.20 2.01]] 1.350.57 5.42 2.08 25.62 3.41] 6.57 1.24
2011] 0.130.04 0.820.31] 1.28 0.5 0.67 0.2 4.851.30 2.950.84 1.930.57 0.47 0.27] 4.09 1.84 16.8C 3.07 3.99 0.54
2012 0.07 0.03 0.84 0.1 0.37 0.0 3.88 1.34 2.24 0.44 458 1.57 0.42 0.12 5.41 2.10 16.09 2.89 3.84 0.571
2013 0.170.03 1.010.49 0.45 0.17 155033 1.280.41 1.720.64 0.850.33 5.03 1.33 21.84 3.51] 3.08 0.3
2014 | 0.130.05 0.380.14 2530.87 1.02 0.3] 6.31 211 0.920.28 0.69 0.15 0.32 0.11] 6.21 2.5¢ 29.31 7.54 5.04 0.91
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Table 20. Maine spring dive survey stratified mean sea urchin abundance (numbeer square meter,by zone (1 2), region
(11 9), and size categoryWndersized,L egal, orOversized) depths G 15m, all survey years, not including industry
sites Note that Region 1 in Zone 1 was not surveyed in 2012 and 2013.

Zoneg

1

Regiorn
Sizg

1
u L O

2
u L O

3
u L O

4
U L O

5
u L O

6
u L O

7
u L O

8
u L O

9
U L O

2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

0.16 0.02 0.00
0.82 0.03 0.01
0.32 0.03 0.00
0.12 0 0.02
0.150.01 O
0.51 0.03 0.01
0.880.03 O
0.830.01 O
0.13 0 0.00
0.630.01 O
013 0 O

0.120.00 O

1.751.07 0.05
3.24 1.61 0.06|
0.53 0.56 0.01
0.49 0.24 0.00
0.29 0.06 0.01
0.53 0.16 0.00
0.21 0.12 0.01
2.28 0.21 0.04
0.26 0.06 0.02
0.27 0.03 0.02
0.67 0.14 0.01
0.060.01 O

0.160.01 O

0.360.02 0O

2.291.47 0.03
4.08 1.00 0.05
1.851.16 0.01
0.34 0.16 0.01
1.06 0.45 0.02
0.57 0.42 0.00
0.420.09 O

1.050.09 O

1.330.05 0.01
3.09 0.27 0.01
1.050.19 0.05
0.550.24 0.05
0.93 0.06 0.02
2.08 0.44 0.02

5.06 0.92 0.09
1.350.92 0.11
1.51 0.50 0.03
0.58 0.41 0.01
0.37 0.05 0.01
1.70 0.55 0.01
1.78 1.05 0.03
6.10 0.86 0.00
3.59 0.32 0.05
7.530.96 O

3.751.10 O

2.990.89 0

1.130.41 0.01
5.380.93 0

4.09 0.61 0.00
251052 O
1.76 0.97 0.00
1.31042 0
075041 O
0.500.33 O
0.83 0.56 0.01
1.19 0.24 0.01
4.50 0.25 0.01
3.690.28 0
2.64030 O
1.98 0.26 0.00
0.990.29 0
0.670.25 0

8.52 2.12 0.01
9.46 2.61 0.01
6.012.38 0
2.64 1.70 0.01
469155 0
1.58 0.49 0.00
1.02 0.32 0.00
3.03 1.03 0.07
3.79052 0
3.12 2.06 0.02
1.340.59 0O
3.59 0.99 0.00
0.950.75 0.02
0.600.09 O

4.65 2.38 0.18
3.83 1.51 0.06
2.261.41 0.12
0.93 0.92 0.04
0.86 1.01 0.07
0.23 0.66 0.03
0.06 0.12 0.03
0.24 0.65 0.14
3.02 1.60 0.10
0.79 0.54 0.03
0.13 0.29 0.05
0.27 0.12 0.02
0.32 0.46 0.08
0.20 0.08 0.04

8.89 3.06 0.28
9.52 2.73 0.10
4.13 2.41 0.09
2.74 2.57 0.02
3.47 3.300.10
3.00 3.23 0.20
2.83 2.22 0.06
3.183.030.11
4.97 3.51 0.18
2.92 2.390.12
2.891.08 0.12
4.38 0.98 0.05
3.07 1.93 0.03
3.89 2.29 0.03

37.69 1.01 0.01
45.260.84 O
35.981.78 0O
35.131.32 0.02
27.251.16 0
26.77 1.33 0.03
23.62 0.66 0.02
28.930.93 0.02
2292139 0
24.57 1.02 0.02
15.900.90 O
14.401.69 O
2043141 O
27.90 1.41 0.00
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Table 21. 2014 Maine pring dive survey men sea urchinabundance(number per square
meter) by region depth stratum (11 3), and size category ndersized,L egal,

and Oversized)

05 911 S Alldepths | All
1 (0-5m) 2 (5-10m) 3 (10-15m) Sized
Zone RegionUnder Legal Over|Under Legal Over|Under Legal Over|Under Legal Over

1 1 0.106 O 0 |0.207 0.007 0O |(0.060 O 0 0.12 0.002 0 0.13
2 0.098 0.021 0 | 0524 0037 0O [0405 O 0 0.36 0.02 O 0.38

3 2.911 0.9730.041] 1.473 0.117 O |1.48 O 0 2.08 0.44 0.02 2.53

2 4 8.580 1498 0 (2248 0.355 0O |0.017 O 0 5.38 0.93 0 6.31
5 1.005 0.564 0 |0.4010.152 0 (0579 O 0 0.67 0.25 0| 0.92

6 0.568 0.098 0 | 0.767 0.017 O |0.5320.146 O 0.60 0.09 0 0.69

7 0.162 0.067 0.013 0.296 0.122 0.175 0.288 0.053 0 0.20 0.08 0.04 0.32

8 3.776 2.606 0.037] 4.145 1.7350.003 3.878 2.141 0.031] 3.89 2.29 0.03 6.21

9 ([33.0711.6640.00320.5731.238 0 [15.0860.594 0 | 27.9C 1.41 0.003 29.31
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Table 22. Maine spring dive survey stratified mean percent algal cover by zonei(2),
region (11 9) and type (encusting above, understory middle, and canopy below),
for depths 0’15 m. Note that Region 1 in Zone 1 was not surveyed in 20123

Encrusting Algae

Zong 1 2
Regio} 1 2 3 [1-3(Zone 1) 4 5 6 7 8 9 |[4-9(Zone 2
2001 37 37 53 43 52 4 76 62 70 45 56
2002 62 73 84 72 71 77 9 77 80 31 74
2003 47 73 65 58 68 63 75 58 63 45 64
2004 29 35 40 34 37 53 67 52 63 47 49
2005 39 40 68 49 58 72 80 60 56 35 61
2006 37 43 51 43 50 54 8 66 65 42 58
2007 38 40 49 42 49 51 75 49 55 27 51
2008 65 51 60 60 58 63 81 69 62 28 62
2009 41 67 59 52 60 61 74 71 70 33 63
2010 45 42 44 44 55 46 67 60 65 37 55
2011 | 52 64 56 56 52 62 72 67 55 29 58
2012 49 37 46 40 46 71 60 58 26 49
2013 55 49 52 42 40 67 75 62 38 53
2014 40 57 50 47 52 31 58 55 57 29 48

Understory Algae

Zons 1 | 2
Regiof 1 2 3 [1-3(Zonel) 4 5 6 7 8 9 [4-9(Zone?
2001 62 43 50 54 35 40 24 30 37 14 33
2002 | 59 66 54 59 50 33 18 53 4 6 41
2003 66 63 52 61 46 39 33 46 42 8 41
2004 64 68 58 63 53 49 39 45 42 12 45
2005 61 65 45 56 44 31 23 53 46 5 40
2006 60 64 49 57 47 41 22 45 33 3 39
2007 | 47 60 54 52 34 40 37 59 60 10 42
2008 | 57 57 52 56 41 40 36 62 61 8 45
2009 61 65 58 61 38 38 38 55 45 10 41
2010 | 55 53 53 54 4 31 28 54 52 7 41
2011 | 50 49 53 51 34 40 34 52 45 7 39
2012 53 48 50 32 31 33 56 49 2 37
2013 59 60 55 42 47 41 54 44 6 43
2014 | 54 64 60 58 37 42 48 60 46 3 43

Canopy Algae

Zong 1 | 2
Regio) 1 2 3 [1-3(Zonel) 4 5 6 7 8 9 [4-9(Zone 2
2001 24 24 27 25 25 19 29 59 60 16 36
2002 23 18 33 25 42 31 45 63 59 15 45
2003 21 27 34 27 4 32 48 69 62 12 48
2004 25 34 47 34 4 42 55 74 55 15 51
2005 28 27 49 35 43 49 57 65 49 14 49
2006 23 19 26 23 33 27 45 51 36 7 36
2007 16 13 16 15 18 17 43 46 36 16 28
2008 16 23 31 23 27 43 50 56 53 10 40
2009 21 26 40 28 24 31 48 49 49 8 35
2010 14 32 30 23 26 19 44 55 50 7 34
2011 15 21 20 18 19 23 33 44 36 9 28
2012 13 26 18 15 20 35 40 40 7 26
2013 11 20 16 21 17 38 44 36 10 28
2014 19 20 30 23 19 26 45 38 28 3 26
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Table 23ai b. Top: Maine spring dive survey fixed sites for Regions 13 (Zone 1),mean sea
urchin biomass(g-m™), whether biomass decreased (Dec) or increased (Inc)
over the time series, and whether there was a fifleld (5x) decrease or

increase

Bottom: Mean percent (%) fleshy algal cover (understory+canopy) and
whether there had been an increase over ting the sies that exhibited a five
fold urchin biomass decline Note that algal cover can be more than 100%.

Mean Sea Urchin Biomass-(g‘z)

Regiorn 1 2 3
Sitef JA 1D 1F 1H LI 1X 1Y|2A 2B 2D 2E 2H 2X 2Y|3A 3B 3D 3F 3H 3X 3Y

Year
2001 0O O 00 9 71 208 105 50 1030 766 98 46 208 267 808
2002 0 1 13 2 91 356 18 391 385 57 3 77 485 12
2003 0 1 0 O 86 14 0 201 437 121 0 9 222 140
2004 0 3 0 O 1 41 3 54 235 92 0 4 147 20
2005 0 3 0 0 3 48 0|15 16 4 53 23 6 3103 4 14 126 26 55 1253
2006 0O 4 5 1 12 140 3| 28 7 4 44 200 2 6 (163 1 21 2 0 1
2007 0 3 2 2 0 112 1|55 9 1 3 1 14638 0 0 0 6 2 O
2008 0 5 4 1 1 104 1| 47 9 1 6 4 2 36919 10 1 15 18 2 3
2009 0 6 17 2 2 0 5|16 3 4 3 2 1286897 7 8 37 29 5 8
2010 O 3 3 2 0 1 5 0 39 7 9 31 25 68 59
2011 0 1 03 4 O 1 1 1 1 6 209 7 3 16 4
2012 1 4 1 0 21 147 4 3 9 11
2013 0 8 2 1 1 151 6 3 O

Inc or Deg:same Inc Inc Dec Dec DeclInciDec Dec Dec Dec Declinc Inc|Inc Dec Dec Dec Dec Dec Dec
5x Dec? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
5x Inc? Yes

Mean Percent (%) Cover of Fleshy Algae (Understory + Canopy)
Regior] 1 2 3
Sitef 1A 1D 1F 1H L 1X 1Y|2A 2B 2D 2E 2H 2X 2Y|3A 3B 3D 3F 3H 3X 3Y

Year
2001 107 99 89 82 86 51 89 75 49 56 22 113 45 107 87
2002 72 8 71 73 90 134 82 87 71 32 93 101 99 83
2003 82 93 123 106 80 132 70 47 79 53 95 74 89 58
2004 90 101 62 95 106 131 99 116 102 37 126 110 88 105
2005 105 111 93 90 78 122 88| 94 127 83 104 86 87 92|49 88 106 73 64 110 61
2006 97 104 76 96 93 125 91|91 114 83 86 71 67 75|31 95 81 67 52 115 100
2007 72 81 59 75 74 91 79|67 76 64 78 71 73 30|25 81 72 93 43 100 95
2008 75 91 68 84 114 94 87|64 112 89 113 82 82 51|38 80 80 91 63 108 100
2009 78 93 74 95 99 59 79189 119 96 103 91 96 49|32 90 97 110 78 115 118
2010 82 76 86 63 93 79 117 85 116 83 32 97 79 89 68
2011 74 84 45 76 95 57 84 59 108 45 25 68 86 97 61
2012 42 69 65 79 87 27 88 96 91 67
2013 400 85 47 85 57 33 79 89 106

Increase? Yes No No No Yes Yes Yes No No Yes Yes

Pageb5



Table 23ci d. Top: Maine spring dive survey fixed sites forRegions 4 6 (western Zone 2),
mean sea urchinbiomass (gm), whether biomass decreasetDec) or
increased (Inc) over the time series, and whether there was a fif@d (5x)

decrease or increase.

Bottom: Mean percent (%) fleshy algal coverunderstory+canopy) and
whether there had been an increase over tingt the sites that exhibited a five
fold urchin biomass decline Note that algal cover can be more than 100%.

Mean Sea Urchin Biomass:(g?)

Regior 4 5 6
Site[ 4A 4B 4C 4D 4E 4X 4Y|5A 5B 5C 5D 5H 5X 5Y| 6A 6C 6D 6E 6H 6X 6Y
Year
2001 128 807 188 129 1 168 277 217 16 262 0 1335 724 848 46 22
2002 (179 456 41 368 O 152|439 2 0 316 O 518 297 1191 100 115
2003 (235317 59 104 O 605 O 0 8 0 193 8 675 16 63
2004 (126 O 1 40 O 114 3 0 4 O 25 0 311 2 13
2005 82 4 0 5 0 0 24|26 O 1 4 0 86 934 7 0 1109 15 96 427 125
2006 (181 0 O 3 O O 4|82 O 0O 4 0 0 6300 O 1 427 16 47 283 4
2007 (129 0 1 O O O 1100 2 0O O O O 145 0O O 169 33 30 2 1
2008 (262166 13 7 0O 1 14|73 6 2 7 0 6 309 2 2 756 11 87 190 14
2009 (207 59 7 4 30 5 9219 6 0 41 3 12 8|38 16 315 35 8 2 10
2010 (168 86 8 12 111 290 15 3 36 3 4 1 102 22 66
2011 (174121 1 7 5 263 29 7 16 2 20 4 116 10 111
2012 92 19 12 4 2 279 27 7 42 1 0 1 74 6 111
2013 137 12 19 0 14 281 13 0 5 0 2 3 71 0 29
Inc or Ded:Inc Dec Dec Dec Inc Dec Deg Inc Dec Dec Dec Dec Dec Deqg Dec Dec Dec Dec Inc Dec Ded
5x Dec? Yes Yes Yes Yes Yeg Yes Yes Yes Yes Yes Yes Yes
5x Inc? Yes Yes
Mean Percent (%) Cover of Fleshy Algae (Understory + Canopy)
Regior 4 5 6
Site| 4A 4B 4C 4D 4E 4X 4Y|5A 5B 5C 5D 5H 5X 5Y| 6A 6C 6D 6E 6H 6X 6Y
Year
2001 37 92 40 110 75 84 51 43 94 47 99 55 45 43 82 20
2002 32 94 63 122 74 56610 61 107 72 74 63 42 27 86 52
2003 50 57 72 80 81 10 42 106 86 97 76 59 27 104 40
2004 79 115 84 119 65 53 90 139 93 96 101 78 69 84 40
2005 |46 79 79 113 90 87 111128 85 121 79 93 52 35| 64 59 50 84 70 52 60
2006 28 109 84 94 91 59 104|133 57 107 52 95 67 41| 60 48 45 73 49 50 80
2007 24 82 67 78 8 57 92118 78 87 65 69 61 56| 8 49 42 93 74 62 68
2008 35 58 59 110 91 65 128/41 101 111 88 86 85 83| 99 48 89 98 99 51 95
2009 27 89 64 121 77 83 118/20 95 116 95 85 83 60| 73 64 82 83 59 94 79
2010 |42 61 68 119 81 37 77 117 54 73 93 42 82 91 59
2011 29 57 72 100 78 16 92 95 84 68 64 53 63 78 28
2012 |40 77 54 92 76 14 71 97 53 66 82 60 79 79 63
2013 55 84 72 104 63 28 66 97 77 67 83 89 89 89 28
Increase? No Yes No No Yes Yes Yes Yes Yes Yes Yes Yes
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Table 23ei f. Top: Maine spring dive survey fixed sites folRegions 79 (eastern Zone 2),
mean sea urchinbiomass (gm), whether biomass decreased (Dec) or
increased (Inc)over the time series, and whether there was a fivield (5x)
decrease or increase.

Bottom: Mean percent (%) fleshy algal cover (understory+canopy) and
whether there had been an increase over tingt the sites that exhibited a five
fold urchin biomass decine. Note that algal cover can be more than 100%.

Mean Sea Urchin Biomass-tg'z)

Regior 7 8 9

Sitel 7/A 7D 7F 7G 7H 7X 7Y [8A 8B B8F 84 8 8X 8Y|9A 9B 9C 9D 9H 9X 9Y
Year
2001 1008 302 507 1174 3 275 47 931 896 1420 1347 462 430 298 340
2002 | 564 294 125 280 169 383 15 629 729 767 454 408 147 385
2003 |39% 87 6 0 42 436 6 477 809 498 697 789 262 418
2004 |269 0 1 1 23 87 28 418 651 718 589| 676 473 576 355 245
2005 | 153 4 27 2 0 948 394(122 15 274 963 552 414 527| 559 366 475 153 227 65 102
2006 0O 0O 0O 2 3 793 259|138 56 305 1291 557 461 429| 270 401 493 64 250 64 46
2007 0O 1 2 11 0 740 976(105 11 130 1366 310 876 508| 126 303 376 66 334 30 91
2008 3 0 0 0 O 15901060 86 49 293 1392 364 472 390| 212 335 351 121 346 58 153
2009 2 1 0 0 0 1060 355(33 19 2311612 399 700 142| 258 242 552 135 332 69 85
2010 2 12 2 1 5 74 316 1870 233 322 388 156 344
2011 o 2 0 0 O 1 29 75 1406 272 223 315 437 67 293
2012 30 6 0 0 O 7 3 182 1729 138 170 256 473 277 282
2013 5 5 0 0 O 12 0 70 1915 23 213 282 566 135 354

Inc or De@: Dec Dec Dec Dec Dec Inc Dec|Dec Dec Dec Inc Dec Inc Ded Dec Dec Inc Dec Inc Inc Deg
5x Dec? Yes Yes Yes Yes Yes Yes Yes Yes Yes
5x Inc?
Mean Percent (%) Cover of Fleshy Algae (Understory + Canopy)

Regior 7 8 9

Sitel 7/A 7D 7F 7G 7H 7X 7Y [8A 8B B8F 84 8 8X 8Y|9A 9B 9C 9D 9H 9X 9Y
Year
2001 35 43 101 111 147 120 125 63 44 64 0 O 8 19 8
2002 35 59 125 140 153 77 136 86 52 0O 0 79 32 9
2003 29 69 100 131 120 76 115 108 54 0 0 104 30 6
2004 49 96 115 138 119 94 121 91 49 72 241 0 0O 78 55 8
2005 48 63 127 125 145 27 88 (100 127 75 33 62 60 17| O O 75 30 0O 82 78
2006 39 74 108 88 128 8 67|59 108 58 28 47 80 12| 0 0 62 28 1 78 102
2007 41 84 838 70 146 54 75101 117 91 24 59 61 29| 0O O 89 39 1 105 80
2008 54 96 82 79 157 26 84 (116 117 98 29 100 66 54( 0 O 82 52 3 108 92
2009 49 86 118 123 157 28 88|98 139 98 16 73 77 671 0O O 69 47 1 88 101
2010 85 77 109 98 99 144 57 23 0O 1 8 51 O
2011 49 84 97 84 126 90 100 59 19 55 2 1 52 32 0
2012 35 8 75 84 121 95 101 8 7 50 0O 0 55 31 1
2013 57 82 72 88 128 90 108 78 28 53 0 0 51 4 O

Increase? Yes Yes No No No No No Yes No
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Table 24. Percentage of evaluated quadrats the Maine spring dive survey that had an
estimated 300y-m or more of sea urchins, by year, region, and zone. Note that
Region 1 was not surveyed i2012 and 2013and its value was assumed to be
0% (unchanged from 2011) for those years when calculating treverall Zone 1
value.

Percentage of Quadrats with at least 300g of Sea Urchins
Z0one 1 2
Region 1 2 3 |1-3(Zonel) 4 5 6 7 8 9 |4-9(Zone 2
2001 | 0% 10% 16% 9% | 11% 11% 37% 38% 54% 61%  35%
2002 | 0% 18% 17% 12% | 8% 8% 43% 27% 51% 48%  31%
2003 | 1% 5% 14% 6% 6% 9% 28% 25% 38% 53%  26%
2004 | 0% 3% 3% 2% | 4% 4% 12% 18% 33% 54%  21%
2005 | 0% 1% 4% 2% 1% 4% 15% 15% 34% 47%  19%
2006 | 0% 2% 3% 2% 7% 5% 6% 7% 37% 42%  19%
2007 | 0% 2% 1% 1% 9% 5% 4% 3% 30% 35% 14%
2008 | 0% 2% 1% 1% 7% 3% 9% 10% 35% 34%  17%
2009 | 0% 1% 1% 1% 8% 6% 8% 24% 37% 31%  20%
2010 | 0% 1% 7% 3% |13% 8% 14% 5% 25% 40%  18%
2011 | 0% 2% 4% 2% |12% 9% 7% 3% 19% 29%  14%
2012 0% 5% 3% |11% 5% 12% 3% 18% 33%  13%
2013 0% 3% 2% | 4% 5% 4% 7% 22% 35%  14%
2014 | 0% 1% 7% 3% |15% 4% 1% 1% 20% 44%  15%
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Table 25. Maine spring dive survey stratified meanCancercrab abundance(numbers per
square meter) byzone(1i 2), region (11 9) and species C. borealis Jonah crabs
aboveand C. irroratus, rock crabs below) for depths O 15 m. Note that Region
1in Zone 1 was not surveyed in 2012 and 2013. &stimatethe overall Zone 1
means in those years, the 2011 values for Regit were used again for 2012 and

2013.
Jonah crabs
Z0n§ 1 2
Region} 1 2 3 |1-3(Zone ) 4 5 6 7 8 9 |4-9 (Zone 2
Year

2002 ]10.1700.076 0.042 0.106 |0.094 0.120 0.044 0.019 0.050 0.001  0.067
2003 ]0.2690.1210.18§ 0.211 |0.1140.167 0.085 0.041 0.060 0.000  0.092
2004 10.0920.1210.252 0.154 |0.1700.221 0.130 0.130 0.069 0.000  0.144
2005 ]0.1070.1000.104 0.105 ]0.2210.2290.2170.1950.0710.002  0.185
2006 ]0.106 0.0480.079 0.085 |0.0980.209 0.1700.0750.0510.009 0.107
2007 ]0.0370.0470.059 0.047 ]0.0260.102 0.059 0.093 0.040 0.003  0.057
2008 ]0.0650.0810.074 0.072 |0.0330.1130.084 0.0720.084 0.005  0.064
2009 ]0.0340.0280.039 0.035 |0.0320.054 0.056 0.023 0.0380.002  0.035
2010 ]0.0460.0250.029 0.036 |0.016 0.037 0.017 0.0410.0410.000  0.027
2011 ]0.0120.0210.019 0.016 |0.0170.0330.0170.024 0.0150.000 0.020
2012 0.036 0.013 0.017 |0.000 0.0310.0070.017 0.0150.003y 0.012
2013 0.0270.020 0.018 |[0.002 0.019 0.009 0.007 0.0120.000 0.008
2014 10.036 0.0220.025 0.029 ]0.034 0.048 0.017 0.028 0.0150.000  0.029

Rock crabs

Zone 1 2
Region 1 2 3 [1-3(Zone }y 4 5 6 7 8 9 |4-9(Zone 2
Year
2002 |0.0420.0570.078 0.058 [0.2250.2400.101 0.147 0.0530.01§ 0.167
2003 |0.0400.0550.106 0.066 [0.0940.1710.0440.0520.0200.0077 0.081
2004 |0.0210.0300.049 0.033 [0.0930.076 0.0420.0420.0090.013 0.059
2005 |0.0120.0210.033 0.021 [0.094 0.059 0.077 0.066 0.0050.007, 0.064
2006 |0.016 0.0150.019 0.017 [0.097 0.107 0.062 0.032 0.0130.009 0.066
2007 |0.0120.016 0.014 0.014 [0.0250.0120.0230.0250.007 0.001] 0.019
2008 |0.016 0.0320.052 0.032 ]0.0420.0300.0420.0050.0130.003 0.026
2009 |0.0090.0220.023 0.017 [0.0300.0230.0190.0050.007 0.001] 0.018
2010 |0.017 0.004 0.011] 0.012 ]0.0250.0150.0130.0230.0090.004 0.019
2011 |0.0050.007 0.004 0.0048 [0.017 0.0210.0140.0120.0190.004 0.016
2012 0.0080.009 0.007 ]0.0190.0190.0140.0190.0180.006 0.018
2013 0.0030.008 0.0054 ]0.0240.0240.0100.0030.0110.004 0.015
2014 |0.0120.006 0.004 0.008 [0.0440.0500.0180.0120.0140.010 0.030
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Figure 1ai b. Maine coastal counties andthe two sea urchin managementzones (above),
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Figure 2a. Maine sea urchin landings(millions of pounds, 1 million = 454 m{ by fishing
season and zoneand mean price ($US) per pound,from dealer reports. Zone
landings before 1994 are estimated from county landingsom NMFS port

agentreports.
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Figure 2b. 2013i 14 Maine sea urchin landings(pounds) by month, zone, and gear, from

dealer reports.
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Figure 3a.Relationship between 20Bi 14 mean price per pound ($/Ib) and roe index from
dealer reports, by month.
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Figure 3bid. 2004 2013 mearroe indices(%) from dealer reports by month, gear, and
zone: Divers in September(top), Divers in December(middle), and Draggers
in December(bottom).
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Maine Sea Urchin Diver Landings/Effort by Season and Zone
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Figure 4ai b. Maine sea urchindiver (above) and dragger (below) medianandings per
effort by season and zone, from port interviews, and from d&rvester logs
where noted. Zone 1 dagger interview data for 2001 02 through 2013i 14 are
not displayed because¢here were fewer thanthree interviews each season.
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